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
 ಻ఄࡢኣࡂࡡ✈∸୩ࡦ࡞௙ࡡష∸᰺ᇰ࡞࠽࠷࡙᭩ࡵ㔔さ࡝㝸ᐐࡡୌࡗ࡚࠵ࡽ⏍
⏐⩽࡫ኬࡀ࡝ㇿᢰࢅ୙࠻ࡾࢤ࣑࢟9ULWLHXPFHVWL[XP 2XOIHU 5LQWKXV
࢛࢛࣑࢟-RUIHXP[XOJFUH 2XOIHU 5LQWKXV 'ULJJV
࢛࣭ࢹ࣑࢟&[HQFVFWL[F 2XOIHU 5LQWKXVࢹ࣓ࢗࣞࢤࢨ?HFPF^V 
(FUWHUFQI-XIHOVRQ 2LQFPLFQI:MLKFUFࢮ࣑ࣜ࢝8RUJKXPGLHRORU 
1FUVRQFQI2FUFQ[LOOHࢱ࢕ࢫ,O^HLQHPF] 3RRUFQI(F[LQHVV 
(RRSHU  ࢹ࣏ࢹ  1^HRSHUVLHRQ HVHXOHQWXP  &IHOFQF  ࢰࣁࢤ
3LHRWLFQFWFGFHXP 2H0HHFQI&^HRHN <FOWRQFQI(FVFIFཀྵࡦ࢕
ࢾ4U^_FVFWL[F 8HWWHUHWFO࡞࠽࠷࡙಻ఄࡡ⿍ᐐ࡛ࡐࡡさᅄ࠿ሒ࿈
ࡈࡿ࡙࠷ࡾ಻ఄࡢ཭㔖ࢅ΅ᑛࡈࡎ⏍⏐∸ࡡ㈻ࡷ཭✥᫤ࡡషᴏຝ⋙ࢅ఩ୖࡈࡎࡾ
<HGHUFQI+HKU 0RQRࡱࡒ಻ఄ࡞ࡻࡾⴝ㌗ࡡུකឺເࡡ຋ᝇ໩ࡷ
㏳ᑙ⤄⧂ࡡ᥾ഭࡢකྙᠺࢅ఩ୖࡈࡎⓇ⇅ࢅ㜴ᐐࡊဗ㈻ࡷ཭㔖࡞ᝇᙫ㡢ࢅཀྵ࡯ࡌ
ᐁ㝷࡞ࢱ࢕ࢫ࡞࠽ࡄࡾ⿍ᐐࡢୌᖳ㛣ࡡධ⏍⏐㔖ࡡ 3RRUFQI(F[LQHVV
࢛࢛࣑࡚࢟ࡢ ࡛ぜ✒ࡵࡼࡿ࡙࠷ࡾ'ULJJVࡆࡡࡻ࠹࡞಻ఄࡢష∸⏍⏐
࡞࠽࠷࡙㔔さ࡝ၡ㢗࡚࠵ࡾ
 ࢕ࢾࡡ಻ఄࡢฝ✉ᚃⓇ⇅࠿㐅ࡲ✉࠿ല࠷ࡒ㡥࡞ኣࡂぜࡼࡿ≁࡞ⲙ୓ࡡ㧏࠷ဗ
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⛸࡚Ⓠ⏍ࡊࡷࡌ࠷0RQR࠿಻ఄࡡⓆ⏍࠿᰺ᇰ㟻✒ࡡ࠾࡝ࡽࡡ㒂ฦࢅ༥ࡴኬ
ぞᶅ࡞ࢂࡒࡾࡻ࠹࡝ሔྙࡢ᰺ᇰἪࡓࡄ࡚ࡢ࡝ࡂẴ㇗࡞ࡻࡾᙫ㡢࠿ኬࡀ࠷࡛⩻࠻ࡼ
ࡿࡾⓆ⏍᫤᭿ࡷ಻ఄ≟ឺ࡞ࡻࡖ࡙␏࡝ࡾ࠿࢕ࢾ࠿಻ఄࡌࡾ࡛ⴝ㌗ࡷⱴ࠿᥾ഭࡊ
කྙᠺࡷ㌹Ὦ࠿ⴥࡊࡂ㜴ᐐࡈࡿⓇ⇅࠿㐅ࡱࡍࡊ࠷࡝ࡂࡍ⡷࡝࡜࠿ቌຊࡌࡾࡱ
ࡒⓇ⇅ᚃࡡ࢕ࢾ࠿಻ఄࡌࡾ࡛✉ⓆⰾࡡⓆ⏍࡝࡜࡞ࡻࡖ࡙⡷㈻࠿఩ୖࡌࡾ
 ࢕ࢾࡡ಻ఄࡢኬࡀࡂ ࡗࡡᆵ࡞ฦࡄࡼࡿࡾࡌ࡝ࢂࡔձⱴ࠿ᣰᢙࡊ࡙಻ࡿࡾᣰ
ᢙᆵղⱴ࠿‬᭜ࡊ࡙಻ࡿࡾ‬᭜ᆵࡐࡊ࡙ճ᰷㒂࠿ᆀ㟻ࡻࡽ┊ࡽ୕࠿ࡖ࡙಻ࡿࡾ㌹
ࡦᆵ࡚࠵ࡾ├᧓᰺ᇰ࡞࠽࠷࡙ࡢ㌹ࡦᆵ಻ఄ࠿᭩ኬࡡၡ㢗࡛࡝ࡖ࡙࠷ࡾࡱࡒᠻ
࠿ᅗ࡚᭩ࡵኣࡂ᰺ᇰࡈࡿ࡙࠷ࡾࢤࢨࣃ࡚࢜ࣛࡢ㌹ࡦᆵ಻ఄ࠿ኣ࠷㌹ࡦᆵ಻ఄࡢ୕
న㒂ࡡ㔔ࡈ࡛ୖన㒂ࡡᨥᣚງ࡛ࡡࣁࣚࣤࢪࡡᝇ໩࠿ཋᅄ࡚ᘤࡀ㉫ࡆࡈࡿࡾ2XOIHU
㛏⛡ࡷ✉ཀྵࡦⱴⴝ㒂ࡡ㔔㔖࠿㔔ࡂ࡝ࡾࡆ࡛ࡢ᳔ ∸మ୕న㒂ࡡ㔔㔖࣓࣭࣒ࣤ
ࢹ࠿ኬࡀࡂ࡝ࡽࡆࡿ࡞⎌ሾ࡞ࡻࡾᙫ㡢㛏㞭ࡷᙁ㢴➴࠿ຊࢂࡾࡆ࡛࡚಻ఄࡡ⿍ᐐ
࠿ᣉኬࡌࡾୌ᪁ⱴୖన㒂ࡡ∸⌦Ⓩᙁᗐ࠿఩ୖࡊᅰቫ῕ᒒ࡫ࡡ᰷⣌ࡡⓆ㐡࠿୘༎
ฦࡓ࡛ୖ న㒂ࡡᨥᣚງ࠿఩ୖࡊ୕న㒂ࡡ㔔ࡈࢅᨥ࠻ࡾࡆ࡛࠿࡚ࡀࡍ࢕ࢾࡢᐖ᪾࡞
಻ఄࡌࡾࡻ࠹࡞࡝ࡾୖ న㒂ⱴࡡఘ㛏ࡌࡾ᫤᭿ࡡ✽⣪⫟ᩩࡡ㐛๨᪃୙୩ࡦ࡞㧏Ὼኣ‭
࡝⎌ሾࡢ㛏ࡂ࡙ᘽ࠷ୖన㒂ⱴࢅᙟᠺࡈࡎࡾࡒࡴᨥᣚງࡡ఩ୖࢅᘤࡀ㉫ࡆࡌ
2XOIHUࡈࡼ࡞⑋ཋమࡷᐐ⹰࡞ࡻࡾୖన㒂ࡡⱴཀྵࡦ᰷ࡡ᥾ഭࡵᨥᣚງ఩
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ୖさᅄࡡୌࡗ࡚࠵ࡾ0HOOHUHWFO
 ಻ఄᢤᢘᛮࡡ⣌⤣ࡷဗ⛸㛣ᕣ࡞ࡗ࠷࡙ኣࡂࡡ◂✪࠿⾔ࢂࡿဗ⛸㛣ᕣ࠿ࡲࡼࡿࡾ
ࡆ࡛ࡷ᪃⫟Ἢ᰺ᇰᐠᗐཀྵࡦỀ⟮⌦࡛࠷ࡖࡒ᰺ᇰἪࡡ಻ఄᢤᢘᛮ࡞ཀྵ࡯ࡌᙫ㡢࠿᪺ࡼ
࠾࡞ࡈࡿ࡙࠷ࡾᮿᓧࡼ ᯐ࣬ᒜᮇ ᐋᆊ࣬㧏ᒁࡱࡒⱴࡡ
ᨥᣚງ࡛࠷࠹ふⅤ࠾ࡼⱴࡡᣰᢙᙁᗐཀྵࡦࣕࣤࢡ⋙➴ࡡ∸⌦Ⓩᛮ㈻࠿ဗ⛸ࡷ᰺ᇰ᮪௲
࡞࠽࠷࡙␏࡝ࡾࡆ࡛ࡵኣࡂሒ࿈ࡈࡿ࡙࠷ࡾኬᕖ࣬▴ཋ ᑈᓞࡼࡈ
ࡼ࡞᳔ ∸మࡡさᅄࡓࡄ࡚ࡢ࡝ࡂ಻ఄࡢ⎌ሾ࡛ࡡ┞பష⏕࡞ࡻࡽᘤࡀ㉫ࡆࡈࡿࡾࡡ
࡚಻ఄ⌟㇗⮤మࢅງᏕⓏ࡞ᢍᥩࡌࡾ◂✪ࡵ⾔ࢂࡿ࡙ࡀࡒ0RQRFQI9FNFKFVKL
 ờ⏛
಻ఄࢅᘤࡀ㉫ࡆࡌさᅄࡢᵕࠍ࡚࠵ࡾ⫩⛸࡞࠽࠷࡙ࡆࡿࡼࡌ࡬࡙ࡡさᅄࢅࢰ࣭
ࢣࢴࢹ࡛ࡌࡾࡡࡢ୘ྊ⬗࡚࠵ࡾ಻ఄᢤᢘᛮ࡞㛭୙ࡌࡾᙟ㈻ࡡ୯࡚ࡆࡿࡱ࡚᭩ࡵຝ
ᯕⓏ࡝ࢰ࣭ࢣࢴࢹ࡞࡝ࡖࡒࡡ࠿ⲙ୓ࡡ఩ୖ࡚࠵ࡾⲙ୓ࡡ఩ୖࡢ୕న㒂㔔㔖ࢅ΅ᑛ
ࡈࡎࡐࡡ⤎ᯕ㔔ᚨࢅ఩ࡂࡌࡾࡆ࡛࡞ࡻࡖ࡙಻ఄᢤᢘᛮࢅྡྷ୕ࡈࡎࡾࡆ࡛࠿᭿ᙽ࡚ࡀ
ࡾ஥ᐁ༖▰ᛮ⣌⤣ࡡⓆぜ࡛ࡐࡡᑙථࡢⲙ୓ࢅ఩ࡂࡊ಻ఄᢤᢘᛮࢅྡྷ୕ࡈࡎ✽
⣪⫟ᩩࡡኣ᪃୙ࢅྊ⬗࡛ࡊ࢕ࢾࡷࢤ࣑࢟ࡡኬᖕ࡝཭㔖ቌຊࢅࡵࡒࡼࡊࡒ࠷ࢂࡹࡾ
͆⥫ࡡ㠁࿤͇ࡡ୹࡝さᅄࡡୌࡗ࡛࡝ࡖࡒ0HOOHUHWFO 0KXVKࡊ
࠾ࡊⲙ୓ࡡ఩ୖࡡࡲ࡚಻ఄᢤᢘᛮࢅྡྷ୕ࡈࡎࡾࡡࡢ௧ୖ࡞♟ࡌࡻ࠹࡞࠷ࡂࡗ࠾ࡡၡ
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㢗࠿࠵ࡾ➠ୌ࡞⫩⛸࡞⏕࠷ࡾ㝷ฺ⏕ຝ⋙࠿ᝇ࠷ࡆ࡛࡚࠵ࡾ▰໩ࢅᘤࡀ㉫ࡆࡌ㐿
ఎᏄࡡ࡮࡛ࢆ࡜ࡢౚ࠻ࡣ༖▰ᛮ㐿ఎᏄ VIࡡࡻ࠹࡞຋ᛮ㐿ఎᏄ࡛ࡊ࡙ᚃ௥࡞㐿ఎ
ࡈࡿࡾ&TXLQRFQI/HQQLQJV +RVWHUFQI7XWJHU 2FHNLOOFQI7XWJHU
ࡐࡡࡒࡴ⾪⌟ᆵࢅ☔ヾࡌࡾ㝷࡞▰ᛮ㐿ఎᏄࢅ࣓࣌໩ࡌࡾᚪさ࠿࠵ࡾ➠஦
࡞㛭୙ࡌࡾ㐿ఎᏄࡡᙫ㡢࠿୘ฺ᪺࡚⏕ࡊ࡞ࡂ࠷ࡆ࡛࡚࠵ࡾ᭩㎾ⲙ୓࡞㛭୙ࡌࡾ
࠷ࡂࡗ࠾ࡡ㐿ఎᏄ࠿༟㞫ࡈࡿ࡙࠷ࡾౚ࠻ࡣ࢕ࢾࡡࢩུ࣊ࣝࣛࣤᐖࡡ␏ᖏࢅᘤࡀ㉫ࡆ
ࡌ͆ኬ㯦͇▰ᛮ㐿ఎᏄ࠿ࢠ࣭ࣞࣤ໩ࡈࡿࡆࡡ㐿ఎᏄ࠿ࣉࢷࣞ୔㔖మ ,ࢰࣤࣂࢠ㈻
ࡡȘࢦࣇࣗࢼࢴࢹࢅࢤ࣭ࢺࡊ࡙࠷ࡾࡆ࡛࠿ሒ࿈ࡈࡿࡒ&VKLNFULHWFO 
+XMLVF\FHWFOࡱࡒ8FWR ࡼࡢ࢕ࢾࡻࡽ༟㞫ࡈࡿࡒ࣒࢛࣌࣍ࢴ
ࢠࢪ㐿ఎᏄ࡚࠵ࡾ48-࠿ⱴࡡ㡤❻ฦ⿛⤄⧂ࡡฦ໩࡛⟿㛣ఘ㛏࡞㛭୙ࡌࡾࡆ࡛ࢅሒ
࿈ࡊ࡙࠷ࡾࡈࡼ࡞ ࡗࡡ◂✪ࢡ࣭ࣜࣈ࡞ࡻࡽྜྷ ᫤࡞ VI࠿༟㞫ࡈࡿࢠ࣭ࣞࣤ
໩ࡈࡿࡒ2RQQFHWFO 8FVFNLHWFO 8SLHOPH^HUHWFO
ࡊ࠾ࡊࡆࡿࡼࡡ㐿ఎᏄࡢ཭㔖ࡷࡐࡡ௙ࡡ㔔さ࡝ᙟ㈻࡫ࡡᙫ㡢࠿᪺☔࡚ࡢ࡝࠷ࡒࡴ
ᐁ㝷ࡡ㎨ᴏࡷ⫩⛸ࡡ⌟ሔ࡚ࡢ࠵ࡱࡽฺ⏕ࡈࡿ࡙࠷࡝࠷ࡱࡒᐁ㝷࡞ࡐࡡ㐿ఎᏄࢅᑙථ
ࡊ࡙ⲙ୓ࢅ఩ୖࡈࡎࡒ࢕ࢾࡡᐁ⏕໩ࡢᅏ㞬࡚࠵ࡾౚ࠻ࡣ͆ኬ㯦͇▰ᛮ㐿ఎᏄࢅ
᭯ࡌࡾࢤࢪ࣐ࢺ࣊ࢠࢰ࣭ࢅ౐ࡖࡒ㐿ఎᏄ⤄ᥦ࠻࢕ࢾࡡ⛸Ꮔࡢ▯ᑚ࡚࠵ࡽ&VKLNFUL
HWFO࢕ࢾࡡࣇࣚࢨࢿࢪࢷࣞ࢕ࢺḖஇ࡞㛭୙ࡌࡾ HGLVXI\FUII✲↓ን
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␏⛸ࡡ⛸Ꮔࡵࡱࡒ▯ᑚ-RQJHWFO࡚࠵ࡾࡈࡼ࡞ࣝࢹࣞࢹࣚࣤࢪ࣎ࢯࣤ
࡞ࡻࡾ48-ࡡྜྷᆵ✲↓ን␏ࡢ✉㛏ࢅ΅ᑛࡈࡎࡾ8FWRHWFOࡆࡡࡻ࠹
࡞ࡆࡿࡼ㐿ఎᏄࡢ཭㔖࡞ᑊࡊ࡙ㇿࡡᙫ㡢ࢅཀྵ࡯ࡌ
➠୔࡞⩄ⴘකྙᠺࡡふⅤ࠾ࡼ⩻࠻ࡾ࡛ᴗ❻࡝ⲙ୓ࡡ఩ୖࡢකྙᠺ࡞࡛ࡖ࡙୘
ฺ─࡞࡝ࡾሔྙ࠿࠵ࡾ▰ᛮ㐿ఎᏄࡡྜྷ㈻㐿ఎᏄ⣌⤣ࢅ⏕࠷ࡒ◂✪࠾ࡼࢤ࣑࢟ࡡ཭
㔖࡞᭩㐲࡝ⲙ୓ࡢ  ࠾ࡼ HP ࡚࠵ࡾࡆ࡛࠿ሒ࿈ࡈࡿ࡙࠷ࡾ+OLQWKFPHWFO
ࡱࡒ㧏࠷කྙᠺ㔖ࢅ┘Ⓩ࡛ࡊ࡙ᅗ㝷࢕ࢾ◂✪ᡜ࡚⫩⛸ࡈࡿ࡙ࡀࡒ᩺ࡊ࠷࢕
ࢾဗ⛸͆ 3H\5OFQW9^SH͇ࡡⲙ୓ࡵࡱࡒ⣑ HP ࡚࠵ࡾ0XPFUHWFOࡆ
ࡿࡼࡡࡆ࡛࠾ࡼ಻ఄᢤᢘᛮࡡྡྷ୕ࡡࡒࡴ࡞ⲙ୓ࢅኬࡀࡂ΅ᑛࡈࡎࡾࡆ࡛ࡢකྙᠺ
㔖ࡡ఩ୖࢅᘤࡀ㉫ࡆࡌྊ⬗ᛮ࠿஢᝷ࡈࡿࡾ➠ᄿ࡞ⲙ୓ࡢᚪࡍࡊࡵ಻ఄᢤᢘᛮࢅỬ
ᏽࡌࡾ။ୌࡡさᅄ࡚ࡢ࡝࠷ࡆ࡛࡚࠵ࡾྜྷ ࡋⲙ୓ࢅࡵࡗဗ⛸㛣࡚࠵ࡖ࡙ࡵ಻ఄᢤᢘᛮ
ࡢ␏࡝ࡾሔྙ࠿࠵ࡾኬᕖ࣬▴ཋ *FVVRQHWFOᐁ㝷ᑈᓞࡼ
ࡢኣࡂࡡⲙ୓ࡡ␏࡝ࡾဗ⛸ࢅ⏕࠷࡙಻ఄᢤᢘᛮࡡᅜሔモ㥺ࢅ⾔࠷ྜྷᵕࡡ⤎ᯕࢅᚋ࡙
࠷ࡾ಻ఄᢤᢘᛮࢅྡྷ୕ࡈࡎࡾࡒࡴ࡞ࡢⲙ୓௧አࡡさᅄ࡞ࡵ╌┘ࡊຝᯕⓏ࡝⫩⛸
ࢰ࣭ࢣࢴࢹࢅぜ࠷ฝࡌࡆ࡛࠿ᚪさ࡚࠵ࡾ
ⲙ୓ࡷ཭㔖➴ࡡ㎨ᴏ୕㔔さ࡝ᙟ㈻ࡡኣࡂࡢ㔖Ⓩᙟ㈻࡚࠵ࡾࡆࡿࡼ㔖Ⓩᙟ㈻ࡡ⾪
⌟ᆵࡡỬᏽࡢ㐿ఎᏕⓏさᅄࡓࡄ࡚ࡢ࡝ࡂ⎌ሾさᅄ࡞ࡵᙫ㡢ࡈࡿࡾ8FUL,RUOFHW
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FOᐁ㝷࡞ⲙ୓ࡷ཭㔖ࡢ᰺ᇰ᮪௲ཀྵࡦẴ㇗᮪௲ࡡ㐢࠷࡞ࡻࡖ࡙ን໩ࡌࡾ
㎾ᖳࡡฦᏄ㐿ఎᏄᆀᅒࡷ )3&࣏࣭࣭࢜ࡡⓆᒈ࡞ࡻࡽࡆࡡࡻ࠹࡝々㞟࡝ᙟ㈻࡞㛭୙ࡌ
ࡾ㔖Ⓩᙟ㈻㐿ఎᏄᗑ691ࡡよᯊ࠿ᐖ᪾࡞࡝ࡖࡒ9FQNVOH^691 よᯊࡢ
㞟⛸㞗ᅆ࡞࠽ࡄࡾ྘಴మࡡ㐿ఎᏄᆵ࡛よᯊᑊ㇗ᙟ㈻࡛ࡡ㛭㏻ᛮ࡞ࡗ࠷࡙಴ࠍࡡࢣࢿ
࣑ධమ࡞ࢂࡒࡖ࡙ᩋᅹࡊ࡙࠷ࡾ )3&࣏࣭࣭࢜ࢅㄢ࡬ࡾࡆ࡛࡞ࡻࡽࡐࡡᙟ㈻࡞㛭୙ࡌ
ࡾ々ᩐࡡ㐿ఎᏄᗑࡡన⨠ࢅ᥆ᏽࡌࡾࡆ࡛࠿࡚ࡀࡾࡐࡊ࡙691 よᯊࡡฺ⏕ࡢኣᩐࡡ
ᙟ㈻ࢅ࣏ࢴࣅࣤࢡࡊ㐿ఎᏄᆀᅒ୕ࡡన⨠㛭౿ࡵ᪺ࡼ࠾࡞ࡊ࡙ࡀࡒ.VKLPFUXHWFO
GHIࡱࡒࡐࡡ 691᝗ሒ࡞ࡻࡽ)3&࣏࣭࣭࢜ࢅᣞᵾ࡛ࡊࡒ࣏࣭
ฺ࣭࢜⏕㐽ᢜ࠿ྊ⬗࡛࡝ࡽ㔖Ⓩᙟ㈻ࡡ⾪⌟ᆵ࡞ᇱࡘࡂ㐽ᢜࡻࡽࡵ▯᭿㛣࡚┘Ⓩᙟ㈻
ࡡᨭⰃࢅ⾔࠻ࡾࡻ࠹࡞࡝ࡖࡒࡆࡡࡻ࠹࡞691 よᯊ࡛ࡐࡡฺ⏕ࡢ㎨ᴏ୕㔔さ࡝ᙟ㈻
࡞ࡗ࠷࡙ࡡᨭⰃࢅຝ⋙Ⓩ࡞⾔࠹ࡒࡴࡡ᭯ຝ࡝ᡥṹ࡛⩻࠻ࡼࡿࡾ
ྜྷ㈻㐿ఎᏄ⣌⤣3.1ࡡฺ⏕ࡢ691ࡡᶭ⬗ࢅࡻࡽレࡊࡂよᯊࡌࡾࡒࡴࡡຝᯕⓏ
࡝᪁Ἢ࡚࠵ࡾ1LQHWFO >FQRࡈࡼ࡞⏍⌦ᏕⓏよᯊ࡛㔖
Ⓩ㐿ఎᏕⓏᡥἪࢅ⼝ྙࡈࡎࡾࡆ࡛ࡢ┘Ⓩᙟ㈻࡞㛭୙ࡌࡾ 691ࢅ᭯ࡌࡾ 3.1ࡡ⏍⌦Ꮥ
Ⓩ࡝よᯊࢅ㏳ࡊ࡙691 ࡡᶭ⬗࡛⾪⌟ᆵ࡞⮫ࡾ࣒࢜ࢼࢫ࣑ࢅ᪺ࡼ࠾࡞ࡊ691 ࡡ≁ᛮ
ࢅỬᏽ࡚ࡀࡾࡆ࡛࠾ࡼ⫩⛸Ꮥࡓࡄ࡚࡝ࡂ⏍⌦Ꮥ୩ࡦ࡞ᶭ⬗Ⓩࢣࢿ࣑Ꮥ࡞࠽࠷࡙౮ೋ
࠵ࡾࡵࡡ࡞࡝ࡖ࡙࠷ࡾ(RQJHWFO .VKLPFUXᐁ㝷ࢹ࣏ࢹ࡞࠽ࡄ
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ࡾ㔕⏍⛸࡛᰺ᇰ⛸㛣ࡡᯕᐁࡡኬࡀࡈࢅ⣑ ን໩ࡈࡎࡾ㐿ఎᏄᗑI\ ࡡᑊ❟㐿ఎ
Ꮔࢅ᭯ࡌ3.1ࢅ⏕࠷ࡒ⏍⌦ᏕⓏよᯊࡢⰴᗆᩐᯕᐁᩐ୩ࡦ࡞⤎ᐁ⋙ࡡን᭞࡞ࡻࡖ࡙
᳔∸మ࡞࠽ࡄࡾࢨࣤࢠ࡛ࢮ࣭ࢪࡡ㛭౿ࢅን໩ࡈࡎᯕᐁ㔔㔖ࢅỬᏽࡌࡾࡆ࡛ࢅ᪺ࡼ࠾
࡞ࡊࡒ+UFU^HWFO 3HVGLWWFQI9FQNVOH^ࡱࡒ.VKLPFUX
ࡢ࢕ࢾࡡ  ⢇㔔࡞㛭୙ࡌࡾ㐿ఎᏄᗑWJ\ࢅ᭯ࡌࡾ 3.1࡞⏍ࡋࡾኣ㔖ࡡ⅛Ề໩
∸⵫✒࠿ࢸࣤࣈࣤྙᠺࡡ㘵࡛࡝ࡾ㓕⣪ࡡ㧏࠷Ⓠ⌟㔖࡞ࡻࡾඁࡿࡒࢨࣤࢠ⬗ງ࡞ࡻࡖ
࡙ᘤࡀ㉫ࡆࡈࡿ࡙࠷ࡾࡆ࡛ࢅ♟ࡊࡒࡆࡡࡻ࠹࡞㔖Ⓩ㐿ఎᏕⓏᡥἪ࡛⏍⌦ᏕⓏよᯊࡡ
⼝ྙࡢ┘Ⓩᙟ㈻࡞㛭୙ࡌࡾ㐿ఎᏄᗑࡡ≁ᛮࢅ᪺ࡼ࠾࡞ࡊࡐࡡᶭ⬗࠾ࡼು⿭㐿ఎᏄ
ࢅ஢ῼࡌࡾࡆ࡛࡞ࡻࡽ┘Ⓩᙟ㈻ࡡ㐿ఎᏄ༟㞫ࢅ㎷㏷໩ࡌࡾࡆ࡛࠿᭿ᙽ࡚ࡀࡾ
ງᏕⓏふⅤ࠾ࡼࡲࡾ࡛᳔∸࡞࠽ࡄࡾ಻ఄࡢ  ࡗࡡ୹さᅄࡌ࡝ࢂࡔ୕న㒂ࡡ㔔
ࡈ✉࡛୕న㒂ࡡⴝ㌗࡛ⱴ࡛ୖన㒂ࡡᨥᣚງ࡞ࡻࡖ࡙Ửᏽࡈࡿࡾ2XOIHU
ࡐࡊ࡙୕న㒂ࡡ㔔ࡈ࡞ࡻࡾᙫ㡢ࡢⲙ୓ࢅୖࡅࡾࡆ࡛࡞ࡻࡖ࡙ᨭၻࡈࡿࡾࡹ࠻࡞಻
ఄᢤᢘᛮྡྷ୕ࡡࡒࡴࡡḗ࡝ࡾࢰ࣭ࢣࢴࢹࡢୖ న㒂ࡡᨥᣚງࡡቌຊ࡚࠵ࡾ࡛⩻࠻ࡼࡿ
ࡾᢪࡊ಻ࡊᢤᢘࡢࢹ࣓ࢗࣞࢤࢨࡷ࢕ࢾ࡞࠽࠷࡙಻ఄᢤᢘᛮࡡᣞᵾ࡛ࡊ࡙⏕࠷ࡼࡿ࡙
ࡀࡒ.IULVHWFO ᑈᓞࡼᢪࡊ಻ࡊᢤᢘࡢ͆಻ࡌࡡ࡞ᚪさ࡝ງ͇
ࢅ∸⌦Ⓩ࡞ῼᏽࡊࡒࡵࡡ࡚࠵ࡽ಻ఄᢤᢘᛮࡡᣞᵾ࡛ࡊฺ࡙⏕౮ೋ࠿㧏࠷ࡊ࠾ࡊ࡝
࠿ࡼᢪࡊ಻ࡊᢤᢘࡡῼᏽࡢ᳔∸మධమࢅ⏕࠷࡙⾔ࢂࡿ࡙࠽ࡽ୕న㒂ࡡᙫ㡢࡞ࡻ
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ࡖ࡙ୖన㒂ࡡᨥᣚງࢅḿ☔࡞フ౮ࡌࡾࡆ࡛࠿࡚ࡀ࡝࠷୕న㒂ࡡᙫ㡢ࢅཱིࡽ㝎࠷ࡒ≟
ឺ࡚ୖ న㒂ࡡࡲࡡᢪࡊ಻ࡊᢤᢘ࡛ࡊ࡙ῼᏽࡊࡒሒ࿈ࡢࡆࡿࡱ࡚࡝ࡂୖ న㒂ࡡᢪࡊ
಻ࡊᢤᢘ᳔࡛∸మධమࡡ಻ఄᢤᢘᛮࡡ㛭౿ࡢ᪺ࡼ࠾࡞ࡈࡿ࡙࠷࡝࠷ୖ న㒂ࡡᢪࡊ಻
ࡊᢤᢘࡢ୕న㒂ࡡᙫ㡢ࡡ↋࠷≟ឺࡡ͆಻ࡌࡡ࡞ᚪさ࡝ງ͇ࢅ♟ࡊ಻ఄࡡ୹さᅄࡡ
ࡗ࡚࠵ࡾୖన㒂ࡡᨥᣚງࡡᣞᵾ࡛࡝ࡽ࠹ࡾ࡛⩻࠻ࡼࡿࡾ0FVKL\FJLFQI.VKLPFUX

ୖన㒂ࡡᨥᣚງ࠿୕న㒂ࡡᏋᅹ࡞ࡻࡽ࡜ࡡ⛤ᗐࡡᙫ㡢ࢅུࡄ࡙࠷ࡾ࠾ࡢࡆࡿ
ࡱ࡚࡮࡛ࢆ࡜◂✪ࡈࡿ࡙࠷࡝࠷ࡱࡒⲙᆵࡡ␏࡝ࡾဗ⛸࡞࠽࠷࡙ୖన㒂ࡡᨥᣚງ
ࡡቌຊ࠿಻ఄᢤᢘᛮࢅቌຊࡈࡎࡾ࠾ࡢ୘᪺࡚࠵ࡾ಻ఄᢤᢘᛮࢅྡྷ୕ࡈࡎࡾࡒࡴࡡḗ
ࡡᡥṹ࡛ࡊ࡙ୖన㒂ࡡᨥᣚງࢅቌຊࡈࡎࡒሔྙࡐࡡຝᯕࢅ᭩ኬ㝀࡞⏍࠾ࡌࡒࡴ࡞ୖ
న㒂ࡡᨥᣚງ࡞ㇿࡡᙫ㡢ࢅཀྵ࡯ࡌさᅄࢅฦᯊࡌࡾࡆ࡛࠿ᚪさ࡚࠵ࡾ
ᮇ◂✪࡞࠽࠷࡙ࡢ࢕ࢾࡡୖన㒂࡞࠽ࡄࡾᢪࡊ಻ࡊᢤᢘࢅྡྷ୕ࡈࡎࡾࡆ࡛࡞ࡻࡽ
ୖన㒂ࡡᨥᣚງ࠿ᙁ໩ࡈࡿ಻ఄᢤᢘᛮ࠿ྡྷ୕ࡌࡾࡆ࡛࠿ྊ⬗࡚࠵ࡾ࡛࠷࠹௫ㄕࢅ❟
࡙ࡒࡆࡡ௫ㄕࢅ᳠ッࡌࡾࡒࡴ࡞࢕ࢾࡡᡘࡊஹ㞟⮤Ṣ⣌⤣'.1ࢅ⏕࠷୕న㒂
࡞ࡻࡾᙫ㡢ࢅཱིࡽ㝎࠷ࡒୖన㒂ࡡᢪࡊ಻ࡊᢤᢘ࡞㛭୙ࡌࡾ 691 ࢅよᯊࡊࡒ➠  ❮ 
.VKLPFUXFQI0FVKL\FJL 0FVKL\FJLFQI.VKLPFUXࡈࡼ࡞ぜ࠷ฝࡊ
ࡒ 691ࢅྜྷᏽࡊ㐿ఎᏄᗑࡡ᯹Ⰵమ㡷ᇡࢅ᭯ࡌࡾ 3.1ࢅ⏕࠷࡙691ࡡ⏍⌦ᏕⓏ࡝ᶭ
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⬗ཀྵࡦ಻ఄᢤᢘᛮ࡫ࡡຝᯕࢅ᪺ࡼ࠾࡞ࡊࡒ➠  ❮୩ࡦ࡞➠  ❮ 0FVKL\FJLFQI
.VKLPFUXࡈࡼ࡞಻ఄᢤᢘᛮࡡᨭⰃࡡࡒࡴࡡୖన㒂ࡡᨥᣚງࡡቌຊࢅࡻࡽ
ຝᯕⓏ࡞ࡌࡾࡒࡴ࡞ୖ న㒂ࡡᨥᣚງ࡞ᙫ㡢ࢅཀྵ࡯ࡌさᅄࢅⲙᆵࡡ␏࡝ࡾဗ⛸ࢅ⏕࠷
࡙よᯊࡊࡒ➠  ❮ 0FVKL\FJLHWFOᚋࡼࡿࡒ⤎ᯕ࠾ࡼ࢕ࢾ࡞࠽ࡄࡾ
಻ఄᢤᢘᛮྡྷ୕࡞ࡗ࠷࡙⥪ྙⓏ࡞ㄵࡋࡒ
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➠  ❮ ࢕ࢾ࡞࠽ࡄࡾ಻ఄᢤᢘᛮ࡞㛭୙ࡌࡾ㐿ఎᏄᗑࡡྜྷᏽ࡛ࡐࡡ 
    ᶭ⬗よᯊ
 
 ⥬ゕ
 ಻ఄࡢ✈∸୩ࡦ࡞௙ࡡష∸࡞࠽࠷࡙භ㏳ࡡၡ㢗࡚࠵ࡾ಻ఄࡢ཭㔖ࢅ΅ᑛࡈ
ࡎ⏍⏐∸ࡡ㈻ࡷᶭ᲌࡞ࡻࡾ཭✥ࡡషᴏຝ⋙ࢅ఩ୖࡈࡎࡾ<HGHUFQI+HKU 
0RQRࡱࡒ಻ఄ࡞ࡻࡾⴝ㌗ࡡུකឺເࡡ຋ᝇ໩ࡷ㏳ᑙ⤄⧂ࡡ᥾ഭࡢකྙ
ᠺࢅ఩ୖࡈࡎⓇ⇅ࢅ㜴ᐐࡊ⤎ᐁဗ㈻཭㔖࡞ᝇᙫ㡢ࢅཀྵ࡯ࡌᐁ㝷࡞ࢱ࢕ࢫ
@,O^HLQHPF]12HUUB࡞࠽ࡄࡾ⿍ᐐࢅ 3RRUFQI(F[LQHVVࡢ࡛ぜ
✒ࡵࡽࠉ'ULJJVࡢ࢛࢛࣑࢟࡞࠽ࡄࡾ⿍ᐐࢅ ࡛ぜ✒ࡵࡖ࡙࠷ࡾࡆࡡࡻ࠹
࡞಻ఄࡢష∸⏍⏐࡞࠽࠷࡙㔔さ࡝ၡ㢗࡚࠵ࡾ
ష∸ࡡ಻ఄᢤᢘᛮࡡᨭⰃ࡞࠽࠷࡙ⲙ୓ࡢ୹さ࡝ࢰ࣭ࢣࢴࢹ࡛࡝ࡖ࡙࠷ࡾ࢕ࢾ
ࡷࢤ࣑࢟ࡡ͆⥫ࡡ㠁࿤͇ࢅࡵࡒࡼࡊࡒ༖▰ᛮ㐿ఎᏄࡡⓆぜ࡛ᑙථࡢ಻ఄ⿍ᐐࢅ㍇΅
ࡊ཭㔖ࢅኬᖕ࡞ቌຊࡈࡎࡒ0HOOHUHWFO 0KXVK᭩㎾࢕ࢾࡡ
ⲙ୓࡞㛭୙ࡌࡾ㐿ఎᏄࡡ୯࡚ࢩུ࣊ࣝࣛࣤᐖࢅ␏ᖏ࡞ࡌࡾ͆ኬ㯦͇▰ᛮ㐿ఎᏄ
&VKLNFULHWFO +XMLVF\FHWFOⱴࡡ㡤❻ฦ⿛⤄⧂ࡡฦ໩࡛⟿㛣
ఘ㛏࡞㛭୙ࡌࡾ࣒࢛࣌࣍ࢴࢠࢪ㐿ఎᏄ48-8FWRHWFOཀྵࡦ༖▰ᛮ㐿ఎ
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Ꮔ࡚࠵ࡾ VI2RQQFHWFO 8FVFNLHWFO 8SLHOPH^HUHWFO
࠿༟㞫ࡈࡿࢠ࣭ࣞࣤ໩ࡈࡿࡒࡊ࠾ࡊࡆࡿࡼࡡ㐿ఎᏄࡡ୯࡞ࡢ཭㔖ࡷࡐࡡ௙ࡡ㔔
さ࡝ᙟ㈻࡫ㇿࡡᙫ㡢ࢅཀྵ࡯ࡌࡵࡡ࠿࠵ࡾౚ࠻ࡣ͆ኬ㯦͇▰ᛮ㐿ఎᏄࢅ᭯ࡌࢤࢪ࣐
ࢺ࣊ࢠࢰ࣭ࢅ౐ࡖࡒ㐿ఎᏄ⤄ᥦ࠻࢕ࢾࡡ⛸Ꮔࡢ▯ᑚ࡞࡝ࡾࡆ࡛&VKLNFULHWFO
ࣝࢹࣞࢹࣚࣤࢪ࣎ࢯࣤ࡞ࡻࡾ48-ࡡྜྷᆵ✲↓ን␏ࡢ✉㛏ࢅ΅ᑛࡈࡎࡾࡆ࡛
8FWRHWFO࠿ሒ࿈ࡈࡿ࡙࠷ࡾ
ⲙ୓ࡡ఩ୖࡢⲙ෗ࡡᐠᗐࢅቌຊࡈࡎⲙ෗࡞ࡻࡾ㐵කࡡᆍୌᛮࢅ఩ୖࡈࡎࡾ࡛⩻
࠻ࡼࡿ࡙࠷ࡾ*[FQVFQI+LVHKHU᭩ኬකྙᠺ㔖ࡡふⅤ࠾ࡼ⩻࠻ࡾ࡛ⲙ୓
࡞ࡢ᭩㐲࡝㧏ࡈ࠿࠵ࡽ+OLQWKFPHWFOⲙ୓ࢅ᭩㐲࡝㧏ࡈࡻࡽࡵ఩ࡂࡌࡾ
ࡆ࡛ࡢකྙᠺ㔖ࡡ఩ୖࢅᘤࡀ㉫ࡆࡌ࡛⩻࠻ࡼࡿࡾ಻ఄᢤᢘᛮࡡྡྷ୕ࡡࡒࡴ࡞㐛๨
࡝ⲙ୓ࡡ఩ୖࢅ⾔࠹ࡆ࡛ࡢකྙᠺ㔖ࢅ఩ୖࡈࡎ཭㔖ࢅ΅ᑛࡈࡎࡾ࡛஢᝷ࡈࡿࡾ
ࡱࡒྜྷࡋⲙ୓ࢅࡵࡗဗ⛸㛣࡚࠵ࡖ࡙ࡵ಻ఄᢤᢘᛮࡢ␏࡝ࡾࡆ࡛࠾ࡼⲙ୓ࡢᚪ
ࡍࡊࡵ಻ఄᢤᢘᛮࢅỬᏽࡌࡾ᭩ࡵ㔔さ࡝さᅄ࡚ࡢ࡝࠷ࡆ࡛ࡵሒ࿈ࡈࡿ࡙࠷ࡾኬᕖ࣬
▴ཋ *FVVRQHWFOᐁ㝷ᑈᓞࡼࡢ᪝ᮇဗ⛸࢓࣒ࣛ࢜ྙ
⾏ᅗဗ⛸୩ࡦ࡞࢕ࣤࢺဗ⛸ࢅኣᩐ⏕࠷࡙಻ఄᢤᢘᛮࡡモ㥺ࢅ⾔ࡖࡒ㝷࡞ྜྷ ᵕࡡ⤎
ᯕࢅᚋ࡙࠷ࡾࡆࡿࡼࡡࡆ࡛࠾ࡼ࢕ࢾ࡞࠽࠷࡙಻ఄᢤᢘᛮࢅỬᏽࡌࡾさᅄࡢⲙ୓௧
አ࡞ࡵ࠵ࡾࡆ࡛࠿♟ြࡈࡿࡾ
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ฦᏄ㐿ఎᏄᆀᅒࡷ )3& ࣏࣭࣭࢜ࡡⓆᒈࡢ々㞟࡝ᙟ㈻࡞࠽ࡄࡾ㔖Ⓩᙟ㈻㐿ఎᏄᗑ
691ࡡよᯊࢅᐖ᪾࡞ࡊࡒ9FQNVOH^691 よᯊࡡฺ⏕࡞ࡻࡽᙟ㈻㛣ࡡ㐿ఎ
Ꮥ୕ࡡ㛭౿࠿ฦᯊྊ⬗࡛࡝ࡖࡒ.VKLPFUXHWFOGHIࡈࡼ࡞
ྜྷ㈻㐿ఎᏄ⣌⤣3.1ࡡฺ⏕ࡢ691ࡡᶭ⬗よᯊࢅࡻࡽレࡊࡂ⾔࠹ࡒࡴࡡຝᯕⓏ࡝᪁
Ἢ࡛࡝ࡖࡒ1LQHWFO >FQR⏍⌦ᏕⓏよᯊ࡛㔖Ⓩ㐿ఎᏕⓏ
ᡥἪࡡ⼝ྙࡢᙟ㈻࡞㛭୙ࡌࡾ㐿ఎᏄᗑࡡ≁ᛮᶭ⬗ࡐࡊ࡙ᙟ㈻โᚒࡡ࣒࢜ࢼࢫ࣑
ࢅ᪺ࡼ࠾࡞ࡌࡾࡆ࡛࠿࡚ࡀࡾࡒࡴ⫩⛸Ꮥࡓࡄ࡚࡝ࡂ⏍⌦Ꮥ୩ࡦ࡞ᶭ⬗Ⓩࢣࢿ࣑Ꮥ࡞
࠽࠷࡙ࡵ౮ೋ࠵ࡾࡵࡡ࡛࡝ࡖࡒ(RQJHWFO .VKLPFUXౚ࠻ࡣ(RQJ
ࡼࡢࢹ࣏ࢹࡡᯕᐁࡡኬࡀࡈ࡞㛭୙ࡌࡾ㐿ఎᏄᗑ I\ࡡᑊ❟㐿ఎᏄࢅ᭯ࡌ
3.1ࢅ⏕࠷ࡒ⏍⌦ᏕⓏよᯊ࡞ࡻࡖ࡙ࢹ࣏ࢹ࡞࠽ࡄࡾᯕᐁ㔔㔖ࢅỬᏽࡌࡾ࣒࢜ࢼࢫ࣑
ࢅ᪺ࡼ࠾࡞ࡊ࡙࠷ࡾ
᳔∸࡞࠽ࡄࡾ಻ఄࡢ ࡗࡡさᅄ୕న㒂ࡡ㔔ࡈ✉࡛୕న㒂ࡡⴝ㌗࡛ⱴ࡛ ୖన㒂
ࡡᨥᣚງ࡞ࡻࡖ࡙Ửᏽࡈࡿࡾ࡛⩻࠻ࡼࡿࡾ2XOIHUᰬࡡᇱ㒂ࢅୌᏽࡡჹර
࡚ᢪࡊ಻ࡊࡒ㝷ࡡ᳔∸మࡡᚺງᢪࡊ಻ࡊᢤᢘࡢ಻ఄᢤᢘᛮࡡᣞᵾ࡛ࡊ࡙⏕࠷ࡼ
ࡿ࡙࠷ࡾ.IULVHWFO ᑈᓞࡼࡊ࠾ࡊ࡝࠿ࡼࡆࡡῼᏽἪࡢࡆࡿ
ࡱ᳔࡚∸ධమࢅᑊ㇗࡞⏕࠷ࡼࡿ࡙࠽ࡽ୕న㒂ࡡᙫ㡢ࢅཱིࡽ㝎࠷ࡒୖన㒂ࡡࡲࡡᢪࡊ
಻ࡊᢤᢘࡢῼᏽࡈࡿࡒࡆ࡛ࡢ࡝ࡂୖ న㒂ࡡᢪࡊ಻ࡊᢤᢘ࡛಻ఄᢤᢘᛮࡡ㛭౿ࡢࡆࡿ
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ࡱ࡚᪺ࡼ࠾࡞ࡈࡿ࡙࠷࡝࠷ୖ న㒂ࡡᢪࡊ಻ࡊᢤᢘࡢ᳔ ∸మࡡ୕న㒂ࡡᙫ㡢࠿ᑛ࡝
ࡂ಻ఄࡡ୹さᅄࡡ ࡗ࡚࠵ࡾୖన㒂ࡡᨥᣚງࡡᣞᵾ࡛࡝ࡽ࠹ࡾ࡛⩻࠻ࡼࡿࡾ
ᮇ◂✪࡚ࡢୖ న㒂ࡡᢪࡊ಻ࡊᢤᢘࡡྡྷ୕࡞ࡻࡽୖ న㒂ࡡᨥᣚງ࠿ᙁ໩ࡈࡿ಻
ఄᢤᢘᛮ࠿ྡྷ୕ࡌࡾ࡛࠷࠹௫ㄕࢅ❟࡙ࡒࡆࡡ௫ㄕࢅ᳠ッࡌࡾࡒࡴ࡞ᮇ❮࡞࠽࠷࡙
ࡢ࢕ࢾࡡᡘࡊஹ㞟⮤Ṣ⣌⤣⩄'.1Vࢅ⏕࠷୕న㒂ࡡᙫ㡢ࢅཱིࡽ㝎࠷ࡒୖన㒂ࡡᢪ
ࡊ಻ࡊᢤᢘ࡞㛭୙ࡌࡾ々ᩐࡡ 691ࢅぜ࠷ฝࡊࡒࡐࡡ࠹ࡔࡡ ࡗࡡ 691࡞ࡗ࠷࡙ࡢྜྷ
ᏽࢅモࡲࡐࡡ㐿ఎᏄᗑࡡ᯹Ⰵమ㡷ᇡࢅ᭯ࡌࡾ 3.1ࢅ⏕࠷࡙691ࡡ⏍⌦ᏕⓏᶭ⬗୩
ࡦ࡞಻ఄᢤᢘᛮ࡫ࡡຝᯕࢅ᪺ࡼ࠾࡞ࡊࡒ 

 ᮞᩩཀྵࡦ᪁Ἢ
౩モᮞᩩ
 ᮇ◂✪࡚ࡢ1LQ ࡼ࡞ࡻࡖ࡙షฝࡈࡿࡒ  ⣌⤣ࡡᡘࡊஹ㞟⮤Ṣ⣌⤣⩄
'.1Vࢅ⏕࠷ࡒࡆࡡ '.1V ࡢࢩࣔ࣎ࢼ࢜ဗ⛸࡛ࡊ࡙᪝ᮇࡡ㧏཭㔖ဗ⛸࡚࠵ࡾ᪝ᮇ
ᬍ᩟⸠ࡼࢅ࢕ࣤࢸ࢔࢜ဗ⛸࢜ࢦࣚࢪ࡛ஹ㒼ࡊᚋࡼࡿࡒ +࠾ࡼ༟⢇⣌⤣Ἢ
࡞ࡻࡖ࡙ฦ㞫㐽ᢜࡈࡿࡒ⣌⤣࡚࠵ࡾ ⣌⤣ࡡ '.1୩ࡦ࡞ࡐࡿࡼࡡば⣌⤣ࢅ
ᖳ୩ࡦ࡞  ᖳࡡ  ᭮  ᪝࡞᧓⛸ࡊ ᭮୕᪢࡞⛛᳔ࡊࡗࡂࡣᕰ࡞࠵ࡾ㎨ᴏ⏍∸
㈠″◂✪ᡜࡡᅜሔ࡚᰺ᇰࡊࡒ
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'.1 ࡞࠽ࡄࡾୖన㒂ᢪࡊ಻ࡊᢤᢘࡡῼᏽཀྵࡦ㛭㏻ᙟ㈻ࡡㄢᰕ
 Ᏸ⇅᭿ฝ✉ᚃ ᪝┘࡞᳔ ∸మࢅᆀ㝷࠾ࡼ HP ௧୕ࡡ୕న㒂ࢅว㝎ࡊⱴ
ࡡᆀ㝷࠾ࡼ HP ࡡన⨠࡞಻ఄモ㥺ჹ).0ኬ㉫⌦⛁ᕝᴏᰬᘟఌ♣᮶ாࢅ
ⱴ࡞ᑊࡊ࡙ᆱ├࡞ᅖᏽࡊⱴࢅ rࡱ࡚ᢪࡊ಻ࡌ㝷࡞ᚪさ࡝ງࢅୖ న㒂ࡡᢪࡊ಻ࡊ
ᢤᢘ࡛ࡊ࡙ῼᏽࡊࡒ+LJ&྘⣌⤣࡞ࡗࡀ ಴మῼᏽࡊࡒฦࡅࡗᩐࡡῼᏽࡢ
Ᏸ⇅᭿࡞⾔ࡖࡒᮇ◂✪࡚ࡢ⛡࡛ⴝ㠟࠾ࡼ࡝ࡾ᳔∸మࡡᨥᣚ㒂ࢅⱴ࡛ᏽ⩇ࡊ࡙よᯊࢅ
⾔ࡖࡒⱴᙼࡡῼᏽࡢᆀ㟻ࡻࡽ㧏ࡈ HP ࡡన⨠࡚⾔ࡖࡒ ᖳࡡྋ㢴 ྒ࠿
ྜྷ◂✪ᡜᅜሔࢅ㏳㐛ࡊࡒ├ᚃࡡ ᭮ ᪝࡞ྋ㢴࡞ࡻࡾ಻ఄ࡫ࡡᢤᢘᛮ࡛ࡊ࡙ㄢᰕ
ࡊࡒᢤᢘᗐྙࡢ಻ࡿࡒ᳔∸మࡢ ಻ࡿ࡝࠾ࡖࡒ᳔∸మࢅ ࡛ࡊ࡙フ౮ࡊࡒࡆ
ࡡྋ㢴ࡢ᭩ኬ㢴㏷ PV̽ ᭩ኬ㜾㞭㔖 PPK̽ ࡚࠵ࡖࡒ
KWWS\\\WRN^RMPFJRMSKRPHPLWR

691 よᯊ
  ᥆ῼࡈࡿࡾ 691ࡡ᯹Ⰵమ୕ࡡన⨠ࡢ6,*3*[HUVLRQ3HOVRQࢅ⏕
࠷.VKLPFUX ࡼIࡡ᪁Ἢ࡞ᚉࡖ࡙Ửᏽࡊࡒ691 ࡡ᪝ᮇᬍᆵཀྵࡦ࢜ࢦࣚࢪ
ᆵࡡ ࡗࡡ㐿ఎᆵࢅᅂᖉฦᯊࡌࡾࡒࡴࡡ㜀ೋ࡛ࡊ࡙᭯ណỀ‵ ࢅ⏕࠷ࡒ.VKLPFUX
HWFOI691ࡡ࣏ࢴࣅࣤࢡࡡࡒࡴ࡞ᮇ◂✪࡚ࡢ 14)̾  ༇㛣Ἢࢅ⏕࠷ORJ
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14)#14)PF]̾  ࡞┞ᙔࡌࡾ᯹Ⰵమ㡷ᇡࢅ㐽ࢆࡓ-LUHOHWFO .VKLPFUXHW
FOGⲙ୓ཀྵࡦᰬᖕ࡞㛭୙ࡌࡾ 691ࡢ.VKLPFUX ࡼI࡞ࡻࡖ࡙ሒ࿈
ࡈࡿࡒࡵࡡࢅ⏕࠷ࡒ

3.1 ࡡ㐽ᢜ࡛⫩ᠺ⎌ሾ
 ✉ᥖ࠷᭿㛣࡞㛭୙ࡌࡾ 691ࢅྱࡳ➠ ᯹Ⰵమ࡞࢜ࢦࣚࢪ⏜ᮮࡡ᯹Ⰵమ᩷∞ࢅ᭯ࡌ
ࡾ 3.13.1FKࢅ᪝ᮇᬍࢅᇱ࡛ࡊ࢜ࢦࣚࢪ⏜ᮮࡡ᯹Ⰵమ᩷∞ࢅྱࡳྜྷ㈻㐿ఎᏄ⣌
⤣⩄3.1V࠾ࡼ㐽ᢜࡊࡒࡆࡡ⣌⤣ࡢ㎨ᴏ⏍∸㈠″◂✪ᡜࡡ>FQRࡡࢡ࣭ࣜࣈ>FQR
࡞ࡻࡾᡘࡊஹ㞟࡚షᠺࡈࡿࡒࡵࡡ࡚࠵ࡾࡆࡡ 691 ࡡᶭ⬗ࢅㄢᰕࡌࡾࡒࡴ࡞
ᖳ࡞ࡗࡂࡣᕰ࡞࠵ࡾྜྷ◂✪ᡜᅜሔ࡚ 3.1FK࡛᪝ᮇᬍࡡࡐࡿࡑࡿ಴మࡍࡗࢅᅜ
ሔහࡡ ⟘ᡜ࡞ฦࡄ࡙᰺ᇰࡊࡒ
 ฺ࣏࣭࣭࢜⏕㐽ᢜ࡞ࡻࡖ࡙>FQR ࡼ࡞ࡻࡖ࡙షᠺࡈࡿࡒ 3.1࠾ࡼᮇ◂
✪࡚ࡢ 3.13.1 ୩ࡦ࡞ 3.1 ࢅ㐽ᢜࡊࡒ㐽ᢜࡈࡿࡒ 3.1ࡢ᪝ᮇᬍࢅ㐿ఎⓏ
⫴ᬊ࡞ᣚࡔSUOࢅྱࡳ࢜ࢦࣚࢪ⏜ᮮࡡ᯹Ⰵమ᩷∞ࢅ᭯ࡊ࡙࠷ࡒ+LJ3.1
ࡢ➠  ᯹Ⰵమ࡞ᰬᖕ࡞㛭୙ࡌࡾ࢜ࢦࣚࢪᆵࡡ 691➠  ᯹Ⰵమ࡞ୖన㒂ᢪࡊ಻ࡊ
ᢤᢘ࡞㛭୙ࡌࡾ᪝ᮇᬍᆵࡡ 691SUOࢅ᭯ࡊ࡙࠷ࡒ3.1 ୩ࡦ࡞ 3.1 ࡢ
.VKLPFUX ࡼ.VKLPFUXHWFOGHI࡞ࡻࡖ࡙ࡌ࡚࡞ሒ࿈ࡈࡿ࡙࠷
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ࡾ 691ࢅྱࡳ᯹Ⰵమ᩷∞ࢅ᭯ࡊ࡙࠷࡝࠾ࡖࡒ✉ᥖ࠷࠿㛏᭿໩ࡌࡾ࡛ฦࡅࡗ㛣ࡡ⏍
⫩࡞ࡣࡼࡗࡀ࠿⏍ࡋᙟ㈻ࡡฦᯊࢅᅏ㞬࡞ࡌࡾ࡛஢᝷ࡈࡿࡾࡆ࡛࠾ࡼSUOࢅ᭯ࡌࡾ
3.1ࡡ㐽ᢜࡢ➠  ᯹Ⰵమࡡ✉ᥖ࠷᭿㛣࡞㛭୙ࡌࡾ 691ࢅ᭯ࡊ࡙࠷࡝࠷⣌⤣ࢅ㐽ᢜࡊ
ࡒ+LJ㐽ᢜࡊࡒ 3.1࡛᪝ᮇᬍࢅ ᖳ  ᭮  ᪝࡞᧓⛸ࡊ ᭮୕᪢࡞ྜྷ
◂✪ᡜᅜሔහ࡞࠽࠷࡙↋షⅥ࡞ ⟘ᡜ࡞ฦࡄ࡙⛛᳔ࡊ᰺ᇰࡊࡒ

3.1 ࡞࠽ࡄࡾ಻ఄᢤᢘᛮᙟឺᏕⓏᙟ㈻ཀྵࡦ⏍⌦ᏕⓏᙟ㈻
 Ᏸ⇅᭿࡞3.1ཀྵࡦ᪝ᮇᬍ࡞࠽ࡄࡾୖన㒂ࡡᢪࡊ಻ࡊᢤᢘࢅῼᏽࡊࡒ಻ఄᢤᢘ
ᛮࢅ᳔∸మධమ࡚ࡡᢪࡊ಻ࡊᢤᢘ࡛ࡊ࡙ࡲ࡝ࡊⱴࡡ㧏ࡈ HP ࡡన⨠࡞ᅖᏽࡊࡒ಻
ఄモ㥺ჹࢅ⏕࠷࡙ⱴࢅ rࡱ࡚ᢪࡊ಻ࡌ㝷࡞ᚪさ࡝ງࢅオ㘋ࡊࡒ+LJῼᏽ
ࡢ྘⣌⤣࡞ࡗ࠷࡙ ಴మ⾔ࡖࡒᏰ⇅᭿࡞࠽࠷࡙ⲙ୓Ḿⴝⴝ㌗࠾ࡼୖ࡫ ␊┘ࡡ
ⴝ㌗ࡡᇱ㒂ࡡ㧏ࡈⱴᙼᰬᖕ✉㔔୩ࡦ࡞✉ᩐࢅῼᏽࡊࡒῼᏽᚃ᳔∸మࡡᆀ㝷
࠾ࡼ HP ࡡన⨠࡚ว㝎ࡊ╌⏍ࡌࡾⴝ㌗୩ࡦ࡞ⱴࢅ୕న㒂࡛ࡊ࡙ࡐࡿࡻࡽୖࡡⱴ
ࢅୖన㒂ⱴ࡛ࡊ࡙཭✥ࡊΥ࡚  ᪝㛣ஜ⇩ࡊ㔔㔖ࢅῼᏽࡊࡒୖన㒂ⱴࡡ⤄⧂
ᐠᗐࢅஜ∸㔔@ȧ×ⱴᙼ×HPB࡛ࡊ࡙ゝ⟤ࡊࡒ᰷ࡡஜ∸㔔ࡡῼᏽ
ࡢᑈᓞࡼࡡ࣓ࢿࣛࢪἪࢅᨭⰃࡊ࡙⾔ࡖࡒࡌ࡝ࢂࡔᰬࢅ୯ᚨ࡛ࡊ࡙⦢ᶋ
HP ࡞࠵ࡾ᰷ࢅᆀ⾪㟻ࡻࡽ῕ࡈ HP ࡇ࡛࡞ ᒒྙ ゝ HP ᤿ཱིࡊࡒ᤿ཱིࡊࡒ᰷
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ࡢ Υ࡚ ᪝㛣ஜ⇩ࡊ㔔㔖ࢅῼᏽࡊࡒ ಴మᙔࡒࡽࡡ཭㔖ࡢ=LQJ ࡼࡡ
᪁Ἢ࡞ᚉ࠷⟤ฝࡊࡒ
 
3.1 ࡡୖన㒂ⱴ࡞࠽ࡄࡾᠺฦฦᯊ
 ୖన㒂ⱴࡡஜ⇩ࢦࣤࣈࣜࢅ<RQIHU'OHQIHU<'ኬ㜨ࢢ࣐࢜ࣜᰬᘟఌ♣ኬ
㜨ࢅ⏕࠷USP ࡚⛂㛣⢂◃ࡊࡒ⢂◃モᩩ࡞ྱࡱࡿࡾ⅛Ề໩∸ྱ㔖ࢅ
.VKLPFUX ࡼFࡡ᪁Ἢ࡞ᚉ࠷㓕⣪Ἢ࡞ࡻࡽῼᏽࡊࡒࡌ࡝ࢂࡔ⣑ PJ ࡡࢦ
ࣤࣈࣜࢅ஘㖂හ࡚ᾦమ✽⣪ࢅ⏕࠷්࡙ᗐ⢂◃ࡊ[[࢙ࢰࢿ࣭࡚ࣜ ᅂ᢫ฝࡊ
ࡒ᢫ฝᾦࢅ J࡚ ฦ㛣㐪ᚨฦ㞫ࡊࡒᚃ୕ΰࢅᅂ཭ࡊ ᫤㛣༖┷✭ஜ⇩ࡊ
ࡒஜ⇩⏐∸ࢅⵠ⏻Ề࡞⁈よࡊ⁈ᾦ୯ࡡࢨࣘ⢶୩ࡦ࡞༟⢶㢦ࣉ࢞ࢮ࣭ࢪࢅ +
࢞ࢴࢹ7RHKHࢅ⏕࠷࡙ᏽ㔖ࡊࡒ'HUJPH^HUFQI'HUQWᮇ࢞ࢴࢹࡢࢡࣜ
ࢤ࣭ࢪࣛࣤ㓗,5࠿ࢡࣜࢤ࣭ࢪࣛࣤ㓗⬲Ề⣪㓕⣪,5)-࡞ࡻࡖ࡙ࢡࣜࢤ
ࣤ㓗ࣛࣤ㓗࡞⬲Ề⣪ࡈࡿࡾ㝷ࡡࢼࢤࢲࣤ࢓࣐ࢺ࢓ࢸࢼࣤࢩࢽࢠ࢛ࣝࢲࢺࣛࣤ㓗
3&)5-㔖ࡡቌຊࢅ QP ࡡྺකᗐࢅฺ⏕ࡊ࡙ῼᏽࡌࡾ࡝࠽ࢨࣘ⢶ࡡῼᏽࡡ㝷࡞
ࡢモᩩ⁈ᾦ࡞șࣆࣜࢠࢹࢨࢱ࣭ࢭ7RHKHࢅ :PO ࡞࡝ࡾࡻ࠹࡞ຊ࠻Υ࡚
ฦ㛣࠽ࡀࢨࣘ⢶ࢅ༟⢶㢦࡞ฦよࡊࡒࢸࣤࣈࣤྱ㔖ࡡᏽ㔖ࡡࡒࡴ࡞㐪ᚨฦ㞫ᚃࡡ
ỷẂ∸࡞ⵠ⏻Ềࢅຊ࠻Υ࡚  ᫤㛣…࡛࠹ࡊࡒࡐࡡᚃ࢓࣐ࣞࢡࣜࢤࢨࢱ࣭ࢭ
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7RHKHࢅ :PO ࡞࡝ࡾࡻ࠹࡞ຊ࠻Υ࡚  ฦ㛣࠽ࡀࢸࣤࣈࣤࢅ༟⢶㢦࡞ฦ
よࡊࡒᚋࡼࡿࡒ༟⢶㢦ࢅࢨࣘ⢶ཀྵࡦ༟⢶㢦ࡡῼᏽ࡛ྜྷᵕ࡞㓕⣪Ἢ࡞ࡻࡽᏽ㔖
ࡊࡒ
ࢢ࢕⣪ࡡฦᯊࡢࡱࡍୖన㒂ⱴࡡ⢂ᮆ⣑ PJ ࢅࣀࣤࢺࣈࣝࢪཀྵࡦ 0'U 㗼๠ᙟ
ᠺჹ5353ᓞ὘⿿షᡜா㒌࡞ࡻࡖ࡙ N3HP࡚
ᅸ⦨ࡊ├ᙼ PP ࡡ㗼๠࡛ࡊࡒ㗼๠୯ࡡࢢ࢕⣪ࡡ┞ᑊ㔖ࢅ࢙ࢾ࣭ࣜ࢟ฦᩋᆵ⺧
ක =⥲ฦᯊ⿞⨠࢙࣒ࣝࣤࢹ࢓ࢻࣚ࢕ࢧ࣭/8=/*41᮶ா࡞ࡻࡖ࡙ฦᯊࡊࡒ
ῼᏽࡢ N; ࡚  ⛂㛣 ཬᚗ⾔ࡖࡒࢢ࢕⣪ࢅ NH; ࡡࣅ࣭ࢠ࡚ฦᯊࡊ
;£_TXH_ࡼࡡ᪁Ἢ࡞ࡻࡽ⛂࠵ࡒࡽࡡ࢜ࢗࣤࢹᩐࢅ┞ᑊ㔖࡛ࡊࡒ

 ⤎ᯕ
'.1 ࡞࠽ࡄࡾୖన㒂ࡡᢪࡊ಻ࡊᢤᢘೋࡡ⾪⌟ᆵฦ㞫
  ⣌⤣ࡡ '.1ཀྵࡦば⣌⤣᪝ᮇᬍ࡛࢜ࢦࣚࢪࢅᏰ⇅᭿࡞ᆀ㝷࠾ࡼ HP ࡡ
㧏ࡈ࡚วࡽᥖ࠻ࡐࡡ୯㛣ࡡన⨠ᆀ㝷࠾ࡼ HP ࡡ㧏ࡈ࡚ ⱴ࡞ᑊࡊ࡙├み࡞ᢪࡊ
r಻ࡿࡒ᫤ࡡୖన㒂ࡡᢪࡊ಻ࡊᢤᢘࢅῼᏽࡊࡒ+LJ&'.1ࡢ࠾ࡼ
3HPࡡ㛣࡚ฦ㞫ࢅ♟ࡊࡒ+LJ'ࡆࡡฦ㞫࡞ࡢ ࠤ ࡛ ࠤ3
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Fig. 2-1. Measurement of pushing resistance of the lower part and frequency distributions of pushing 
resistance in BILs of Nipponbare × Kasalath. Pushing resistance of the lower part was measured when 
plants were bent to 45° (A). The values in the histogram are the means of five independent plants in 
each line (B). Phenotypes of parental lines (Nipponbare and Kasalath) are shown by arrows; crossbars 
= SEs. 
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HPࡡ ࡗࡡࣅ࣭ࢠ࠿࠵ࡖࡒ࢜ࢦࣚࢪ࡞࠽ࡄࡾୖన㒂ࡡᢪࡊ಻ࡊᢤᢘೋࡢ s
3HP࡚ ࠵ࡽࡆࡡೋࡢ᪝ᮇᬍࡡୖన㒂ࡡᢪࡊ಻ࡊᢤᢘೋs3HP
ࡡ⣑  ಶ࡚࠵ࡖࡒ

691よᯊ
 ୖన㒂ࡡᢪࡊ಻ࡊᢤᢘⲙᆵ࡞㛭୙ࡌࡾᙟ㈻ⱴᙼฦࡅࡗᩐⲙ୓୩ࡦ࡞ᰬᖕ
ྋ㢴࡞ࡻࡾ಻ఄ࡫ࡡᢤᢘᛮ✉ᥖ࠷᭿㛣࡞ࡗ࠷࡙ 691 よᯊࢅ⾔ࡖࡒ+LJ9FGOH
ୖన㒂ࡡᢪࡊ಻ࡊᢤᢘ࡞㛭୙ࡌࡾ ࡗࡡ 691࠿➠  ᯹Ⰵమ୕࡞
ぜ࠷ฝࡈࡿぜ࠷ฝࡈࡿࡒ ࡗࡡ 691ࡡᙟ㈻࡫ࡡᐞ୙⋙ࡡྙゝࡢ ࡚࠵ࡖࡒࡆ
ࡿࡼࡡ୯࡚➠ ୩ࡦ࡞➠᯹Ⰵమࡡ 691ࡢ᭩ࡵ㧏࠷ᑊᩐ࢛ࢴࢫೋ14)ೋࢅ♟ࡊ
ⲙ୓࡞㛭୙ࡌࡾ 691࡛㔔々ࡊ࡙࠷ࡒ࢜ࢦࣚࢪᆵࡡ㐿ఎᏄᗑ࡞ࡻࡖ࡙ୖన㒂ࡡᢪࡊ಻
ࡊᢤᢘ࠿ቌຊࡌࡾ 691ࡢ➠ ᯹Ⰵమ୕࡞ぜ࠷ฝࡈࡿࡒ 691ࡡࡲ࡚࠵ࡖࡒ௧ୖᬳ
ᏽⓏ࡞ SUO࡛ࡌࡾⱴᙼ࡞㛭୙ࡌࡾ 691ࡢ➠ ཀྵࡦ  ᯹Ⰵమ࡞ぜ
࠷ฝࡈࡿᙟ㈻࡫ࡡᐞ୙⋙ࡡྙゝࡢ ࡚࠵ࡖࡒୖన㒂ࡡᢪࡊ಻ࡊᢤᢘ࡞㛭୙ࡌ
ࡾ 691࡞࠽࠷࡙ぜ࠷ฝࡈࡿࡒⱴᙼ࡞㛭୙ࡌࡾ 691ཀྵࡦᰬᖕ࡞㛭୙ࡌࡾ 691࡛ࡡ㔔々
ࡢ↋࠾ࡖࡒྋ㢴࡞ࡻࡾ಻ఄ࡫ࡡᢤᢘᛮ࡞㛭୙ࡌࡾ 691ࡢ➠ ᯹Ⰵమ࡞ ࡗ➠ 
᯹Ⰵమ࡞ ࡗぜ࠷ฝࡈࡿࡒ➠ ᯹Ⰵమ୕࡞ぜ࠷ฝࡈࡿࡒ 691ࡢ࢜ࢦࣚࢪᆵࡡ㐿ఎᏄ
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Fig. 2-2. QTLs for pushing resistance of the lower part, stem diameter, stem number, plant height, 
crown width, and lodging resistance by typhoon. N and K in parentheses indicate that Nipponbare and 
Kasalath alleles had a positive effect. QTL for lodging resistance by typhoon was analyzed with 98 
BILs in 2002. QTLs for the other traits were analyzed with 98 BILs in 2001.
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Table 2-1. QTLs for pushing resistance of the lower part, stem diameter, stem number, lodging 
resistance by typhoon, and asynchronous heading 
Traits No. QTLs detected 
Chromosome no. 
(QTL name) 
Nearest 
marker locus 
to putative 
QTL 
  LOD DPE a r2 b 
5 4 C946 2.02 N 0.089 Pushing resistance of 
the lower part  5 (prl5) C1081 2.08 K 0.113 
  6 R2171 3.98 N 0.174 
  11 (prl11) C82 1.78 N 0.130 
  12 G1406 2.68 N 0.130 
Stem diameter 6 1 C885 4.48 K 0.190 
  3 C595 2.62 N 0.148 
  6 C358 2.36 K 0.099 
  7 C451 2.78 K 0.122 
  8 C10122 3.42 K 0.169 
  12 R3375 2.67 K 0.119 
Stem number 5 2 R26 1.70 K 0.089 
  4 R347 4.36 K 0.190 
  7 R1488 2.77 K 0.121 
  8 R902 1.77 K 0.075 
  9 C570 1.73 K 0.092 
3 5 R1838 3.03 K 0.133 Lodging resistance by 
typhoonc  5 C246 1.66 K 0.075 
  6 R2549 3.52 N 0.152 
1 7 R1488 3.11 K 0.140 Asynchronous 
heading       
a DPE, Detection of phenotypic effect. N and K indicated that Nipponbare and Kasalath alleles 
increased the value, respectively. b r2, Phenotypic variation explained by each QTL. c Lodging 
resistance by typhoon was observed on October 2, 2002, the day after the season’s 21st typhoon 
had hit.   
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Table 2-2. The length of heading period in a plant in Nipponbare and NILah7 
 Length of heading period (days) 
   Nipponbare 6.71 ± 0.18 
   NILah7          8.71 ± 0.18*** a 
Data are presented as the mean standard error of 10 plants. a ***; Significant at P = 
0.001. 
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Fig. 2-3. Log of the odds ratio (LOD) of QTLs controlling pushing resistance of the lower part (black 
line) and lodging resistance by typhoon (dashed line) on chromosome 5. The bars show the Kasalath 
segment in the NILs. The chromosome region of prl5 is shown as a black bar. QTLs for pushing 
resistance of the lower stem and lodging resistance by typhoon were analyzed with 98 BILs in 2001 
and 2002, respectively. 
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Fig. 2-4. Graphical genotypes of three NILs: NIL43, NIL60 and NIL63. The 12 bars represent the 
chromosomes in Nipponbare, numbered at the top. The horizontal lines on the bars show positions of 
marker loci used in marker-assisted selection. Kasalath segments are shown as gray bars. QTLs in 
NILs are circled in red. N or K in parentheses indicates that the Nipponbare or Kasalath allele has a 
positive effect. 
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Fig. 2-5. Pushing resistance of the lower part and lodging resistance in NILs and Nipponbare (control). 
The values are the means of six independent plants in each line; vertical bars = SE. *, **, ***; 
Significant at P = 0.05, 0.01, and 0.001, respectively. 
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Table 2-3. Morphological traits and characters and components in lower stems of Nipponbare and 
NILs. Data are expressed as means ± SE of nine or more plants 
Traits Nipponbare NIL43 NIL60 NIL63 
Heading date 23, August 25, August 11, August 25, August 
Traits related to plant type and yield   
Plant height (cm) 106.0 ± 1.5   101.6 ± 1.4**a 112.0 ± 1.0**   115.8 ± 0.8*** 
–2 leaf height (cm)   37.0 ± 0.8  35.7 ± 1.0   35.3 ± 1.4     39.1 ± 1.2 
Stem diameter (mm)     3.8 ± 0.1    4.0 ± 0.1     4.0 ± 0.1       4.3 ± 0.1** 
Stem number   17.4 ± 1.1  17.8 ± 1.1   16.9 ± 1.3     18.2 ± 1.2 
Crown width (mm)   58.1 ± 1.7  77.5 ± 3.4***   67.8 ± 3.6*     67.3 ± 2.6** 
 (100%)c     (133%)      (117%)        (116%) 
Yield (g plant–1)   28.2 ± 1.6     28.3 ± 1.9   36.1 ± 3.6     31.1 ± 2.6 
Upper parts weight (g)   16.8 ± 1.0  18.3 ± 1.0   16.7 ± 1.2     24.1 ± 1.9*** 
Root weight in soil     
10 cm depth (g)   3.35 ± 0.34  3.35 ± 0.53   2.63 ± 0.35**     4.35 ± 0.49* 
20 cm depth (g)   0.65 ± 0.17  0.42 ± 0.06   0.52 ± 0.14     0.77 ± 0.16 
30 cm depth (g)   0.10 ± 0.04  0.09 ± 0.05   0.06 ± 0.02     0.10 ± 0.02 
Characters of lower stems    
Weight (g)     1.0 ± 0.1    1.5 ± 0.1***     1.6 ± 0.1***       2.1 ± 0.1*** 
 (100%)     (150%)      (160%)        (210%) 
Densityb (g cm–3)   0.08 ± 0.00     0.10 ± 0.01**   0.11 ± 0.01**     0.12 ± 0.01*** 
 (100%)     (125%)      (138%)        (150%) 
Components in lower stems    
131.4 ± 51.5   457.8 ± 122.2**  659.2 ± 136.8** 1334.1 ± 178.9*** Starch 
(µmol hexose g–1 DW)      (100%)     (348%)       (502%)      (1015%) 
320.5 ± 68.0   465.5 ± 44.3*  505.3 ± 21.6*   641.0 ± 25.5** Sucrose 
(µmol hexose g–1 DW) (100%)     (145%)       (158%)        (200%) 
  66.3 ± 10.8  71.6 ± 4.8    89.8 ± 10.8   124.4 ± 10.1** Hexoses 
(µmol hexose g–1 DW) (100%)     (108%)       (135%)        (188%) 
Silicon (counts s–1)   41.0 ± 1.6  30.8 ± 2.0***    34.4 ± 1.2*     23.6 ± 2.1*** 
 (100%)       (75%)         (84%)          (58%) 
a ***,**,*; Significant at P = 0.001, 0.01 and 0.05, respectively. b Density of lower stem = lower 
stem wt/[π × (stem diameter / 2)2 × stem length]. c Percentage relative to Nipponbare. 
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Fig. 2-6.  Representative energy-dispersive X-ray fluorescence spectra of lower stem material. Dried 
samples were powdered and pressed into tablets. Measurement was performed at 30-kV for 600 s; 
silicon was analyzed at 1.739-keV. 
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ࡈࡼ࡞ࡗࡡ 3.1ࡡ཭㔖ࡢ࠷ࡍࡿࡵ᪝ᮇᬍ࡛ྜྷ⛤ᗐ࡚࠵ࡽ3.1
࡛ 3.1 ࡡ᳔∸మ୕న㒂ࡡஜ∸㔔ࡵ᪝ᮇᬍ࡛ᕣ࠿࡝࠾ࡖࡒ࠿3.1 ࡡ᳔∸మ୕న㒂
ࡡࡲ࠿᪝ᮇᬍࡻࡽࡵ㔔࠾ࡖࡒ9FGOHࡆࡿࡼࡡ⤎ᯕࡢSUOࡢ᳔∸మ୕న㒂ࡡ
ஜ∸㔔ࢅ΅ᑛࡈࡎࡍ࡞ୖ న㒂ࡡᢪࡊ಻ࡊᢤᢘࡡᙁ໩࡞ࡻࡖ࡙಻ఄᢤᢘᛮࢅྡྷ୕ࡈࡎ
ࡒࡆ࡛ࢅ♟ࡊ࡙࠷ࡾ
ྜྷࡋば⣌⤣ࡻࡽషᠺࡈࡿࡒ々ᩐࡡ 691 ࢅྱࡳஹ㒼ば⏜ᮮࡡ᯹Ⰵమ᩷∞ࢅ᭯ࡊ࡙࠷
ࡾྜྷ㈻㐿ఎᏄ⣌⤣ࡡ≁ᚡࢅẒ㍉ࡌࡾࡆ࡛࡞ࡻࡖ࡙々 ᩐࡡ 691㛣࡞࠽ࡄࡾ୕నᛮຝᯕ
ࢅ᪺ࡼ࠾࡞ࡌࡾࡆ࡛࠿࡚ࡀࡾ1LQHWFO >FQRSUOࢅ᭯ࡌ
ࡾ 3.1 ࡢ࢜ࢦࣚࢪᆵ࡞ࡻࡖ࡙ㇿࡡຝᯕࢅ♟ࡌ㐿ఎᏄᗑ SUOࡵ᭯ࡊ࡙࠷ࡒ+LJ
+LJ3.1 ࡡୖన㒂ࡡᢪࡊ಻ࡊᢤᢘࡢ᪝ᮇᬍࡻࡽࡵ᭯ណ࡞㧏ࡂ࡝ࡖࡒ࠿ྜྷ
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ࡋ SUOࢅ᭯ࡌࡾ 3.1 ࡻࡽ᭯ណ࡞఩࠾ࡖࡒ+LJࡆࡿࡼࡡ⤎ᯕ࠾ࡼ3.1 ࡞
࠽࠷࡙SUO࡛ SUOࡡ㛣࡞୕నᛮຝᯕ࠿⏍ࡋ࡙࠷ࡾࡆ࡛ࡈࡼ࡞ SUOࡢ SUO࡞ᑊ
ࡊᣍᢘⓏ࡝ష⏕ࢅ᭯ࡊ࡙࠷ࡾࡆ࡛࠿♟ြࡈࡿࡒ
ᑈᓞࡼࡢ࢕ࢾ࡚ࡢ಻ఄᢤᢘᛮ࡛ᅰቫࡡ῕ᒒ࡞ྱࡱࡿࡾ᰷㔖࡛ࡡ㛣࡞ḿ
ࡡ┞㛭࠿࠵ࡾࡆ࡛ࢅሒ࿈ࡊࡒࡊ࠾ࡊᮇ◂✪࡚ࡢ㧏࠷಻ఄᢤᢘᛮࢅ♟ࡊࡒ SUO ࢅ
᭯ࡌࡾ 3.1 ࡛᪝ᮇᬍࡡ㛣࡞῕ᒒࡡ᰷㔖࡞᭯ណ࡝ᕣࡢぜࡼࡿ࡝࠾ࡖࡒ9FGOH
SUO ࢅ᭯ࡌࡾ 3.1 ࡡᰬᖕࡢ᪝ᮇᬍࡻࡽࡵ᭯ណ࡞ኬࡀࡂ࡝ࡖ࡙࠷ࡒ࠿ⱴᙼࡢ  ࡗࡡ
3.1 ࡡ࠹ࡔ  ⣌⤣࡚᪝ᮇᬍ࡛ࡡ㛣࡞᭯ណ࡝ᕣ࠿ࡲࡼࡿࡍฦࡅࡗᩐࡢ3.1 ⣌⤣࡚᪝
ᮇᬍ࡛ࡡ㛣࡞᭯ណ࡝ᕣࡢࡲࡼࡿ࡝࠾ࡖࡒ9FGOHᰬᖕࡢⱴᙼฦࡅࡗᩐཀྵ
ࡦᰬහࡡⱴ㛣ࡡ㊝㞫࡞ࡻࡖ࡙Ửᏽࡌࡾ࡛⩻࠻ࡼࡿࡾ3.1 ࡚ࡲࡼࡿࡒᰬᖕࡡᣉኬࡢ
ⱴ㛣ࡡ㊝㞫ࡡᣉኬࡌࡾࡆ࡛࡞ࡻࡖ࡙ᘤࡀ㉫ࡆࡈࡿࡒ࡛⩻࠻ࡼࡿࡾࡈࡼ࡞3.1࡞࠽
ࡄࡾ࢜ࢦࣚࢪ⏜ᮮࡡ᯹Ⰵమ㡷ᇡࡢᰬ ᖕ࡞㛭୙ࡊ࡙࠷ࡾྊ⬗ᛮ࠿࠵ࡾ᭩ࡵ㧏࠷ᢪࡊ
಻ࡊᢤᢘࢅ♟ࡊࡒ 3.1 ࡚ࡢᰬ ᖕࡢ᪝ᮇᬍࡡ  ಶ࡞ᣉኬࡊࡒࡊ࠾ࡊ௙ࡡ 3.1
࡛᪝ᮇᬍࡡẒ㍉࡚ࡢᰬᖕ࡛ୖన㒂ࡡᢪࡊ಻ࡊᢤᢘࡡ㛣࡞ᕣࡢ↋࠾ࡖࡒࡱࡒୖన
㒂ࡡᢪࡊ಻ࡊᢤᢘ࡞㛭୙ࡌࡾ 691 ࡢᰬᖕ࡞㛭୙ࡌࡾ 691 ࡛㔔々ࡊ࡝࠾ࡖࡒ+LJ
ࡆࡿࡼࡡ⤎ᯕ࠾ࡼⲙᆵࡷ᰷ࡡᙟឺ࡞㛭୙ࡌࡾᙟ㈻ࡢ3.1࡞࠽ࡄࡾ㧏࠷ᢪࡊ
಻ࡊᢤᢘᛮࢅࡵࡒࡼࡊࡒさᅄ࡚ࡢ࡝࠷࡛᥆ῼࡈࡿࡾ
 35 
࢕ࢾࡡⱴ࡞⅛Ề໩∸⵫✒࠿ኣ㔖࡞⵫✒ࡌࡾ࡛಻ఄᢤᢘᛮ࠿ቌኬࡌࡾᮿᓧࡼ
 ఫ⸠ 㧏ᒁ࣬ᐋᆊ >FQJHWFOࡱࡒⱴ࡞࠽ࡄࡾࢸࣤ
ࣈࣤ⵫✒㔖ࡡቌຊࡢⱴࡡ᭜ࡅᙁᗐࢅ㧏ࡂࡌࡾ9FNFKFVKL ᮿᓧࡼ
3.1ࡡᏰ⇅᭿ࡡ⅛Ề໩∸ྱ᭯㔖ࡢ᪝ᮇᬍࡻࡽኣࡂ≁࡞ࢸࣤࣈࣤࡢⴥࡊࡂቌຊࡊ࡙࠷
ࡒ9FGOH3.1ࡡୖన㒂ⱴ࡞࠽ࡄࡾஜ∸㔔ཀྵࡦ࡞⤄⧂ᐠᗐࡡቌຊ࡞ࡢࡆࡡ
⅛Ề໩∸⵫✒㔖ࡡቌຊ࠿ᙫ㡢ࡊ࡙࠷ࡾ࡛⩻࠻ࡼࡿࡾࡆࡿࡼࡡ⤎ᯕ࠾ࡼୖ న㒂ⱴ࡞
࠽ࡄࡾ⅛Ề໩∸⵫✒㔖ࡡቌຊ࠿ୖ న㒂ⱴࡡ᭜ࡅᙁᗐࢅ㧏ࡴ⤎ᯕⓏ࡞ 3.1࡞࠽ࡄࡾ
㧏࠷಻ఄᢤᢘᛮࢅࡵࡒࡼࡊࡒ࡛⩻࠻ࡼࡿࡾ
⣵⬂ባ୯ࡡࢢ࢕⣪ࡢ࢕ࢾࡡⱴࡡ∸⌦Ⓩᙁᗐ࡞㛭୙ࡊ࡙࠷ࡾ࡛⩻࠻ࡼࡿ࡙࠷ࡾ
9FNFKFVKLࡊ࠾ࡊ࡝࠿ࡼ3.1ࡡୖన㒂ⱴ࡞࠽ࡄࡾࢢ࢕⣪ࡡ┞ᑊⓏྱ᭯㔖ࡢ
᪝ᮇᬍࡻࡽࡵ᭯ណ࡞఩࠾ࡖࡒ9FGOHࡱࡒࢢ࢕⣪ࡡ┞ᑊⓏྱ᭯㔖࠿᭩ࡵ఩࠾
ࡖࡒ 3.1 ࡞࠽ࡄࡾୖన㒂ࡡᢪࡊ಻ࡊᢤᢘࡢ௙ࡡ 3.1ࡻࡽࡵ㧏࠾ࡖࡒ9FGOH
+LJ3.1 ࡚ࡢࢨࣘ⢶ࢸࣤࣈࣤྱ㔖ࡵ㧏ࡂࡐࡿࡑࡿ᪝ᮇᬍࡡ  ಶཀྵ
ࡦ  ಶ࡚࠵ࡖࡒᚉࡖ࡙3.1ࡡୖన㒂ⱴ࡞࠽ࡄࡾࢢ࢕⣪ྱ㔖ࡢ಻ఄᢤᢘᛮ࡞㛭୙ࡊ
࡙࠷࡝࠷࡛⩻࠻ࡼࡿࡾ3.1࡞࠽࠷࡙ࢢ࢕⣪ྱ㔖࠿఩ୖࡊࡒࡡࡢୖన㒂ⱴ࡞⅛Ề໩
∸࠿㧏ᗐ࡞⵫✒ࡊࡒࡒࡴ⤄⧂ᐠᗐ࠿ቌຊࡊࢢ࢕⣪ྱ㔖࠿┞ᑊⓏ࡞఩ୖࡊࡒ࡛⩻࠻ࡼ
ࡿࡾ
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࢕ࢾࡡ཭㔖ࡢฝ✉๑ࡡ⅛Ề໩∸⵫✒㔖࡛ฝ✉ᚃࡡකྙᠺ࡞ࡻࡾ⏍⏐㔖࡞ࡻࡖ࡙Ử
ᏽࡈࡿࡾ>RVKLIF࢕ࢾࡢฝ✉๑࡞⅛Ề໩∸ࢅⱴ࡞⵫✒ࡊฝ✉ᚃ࡞✉࡫㍲
㏞ࡊ>RVKLIFࡈࡼ࡞Ⓡ⇅ᚃࡡකྙᠺ࡞ࡻࡖ࡙ᚋࡼࡿࡒ⅛Ề໩∸ࢅⱴ࡞්⵫
✒ࡌࡾ᩟⸠ࡼࡱࡒⓇ⇅ᚃⴝ㌗ࡡ⩹໩ࡡ㐅⾔࠿㐔ࡿࡒሔྙ࡞ࡢ✉࡫
㌹Ὦ࡚ࡀ࡝࠷⅛Ề໩∸࠿ⱴ࡫ኣ㔖࡞ṟᏋࡌࡾࡆ࡛࠿▩ࡼࡿ࡙࠷ࡾ(FRHWFO 
?KXHWFOSUOࢅ᭯ࡌࡾ 3.1࡚ࡢᏰ⇅᭿࡞ୖన㒂ⱴ࡞ኣ㔖ࡡ⅛Ề໩∸ࢅ
⵫✒ࡊ࡙࠷ࡒ࡞ࡵ࠾࠾ࢂࡼࡍ཭㔖ࡡ఩ୖ࠿ࡲࡼࡿ࡝࠾ࡖࡒ9FGOHࡻࡖ࡙
SUOࢅ᭯ࡌࡾ 3.1࡚Ᏸ⇅᭿࡞࠽ࡄࡾୖన㒂ⱴࡡ⅛Ề໩∸⵫✒㔖࠿ቌຊࡊࡒࡡࡢฝ✉
๑࡞⵫✒ࡊࡒ⅛Ề໩∸ࡷฝ✉ᚃࡡකྙᠺ࡞ࡻࡖ࡙ᚋࡼࡿࡒ⅛Ề໩∸ࡡ✉࡫ࡡ㌹Ὦ࠿
ᢒโࡈࡿࡒࡡ࡚ࡢ࡝ࡂⓇ⇅ᚃࡡⱴ࡫ࡡ⅛Ề໩∸්⵫✒ࡡቌຊ࡞ࡻࡾࡵࡡ࡛⩻࠻ࡼࡿ
ࡾSUO࡞ࡻࡾᏰ⇅᭿ࡡ⅛Ề໩∸⵫✒ቌຊࡡཋᅄࢅ᪺ࡼ࠾࡞ࡌࡾࡒࡴ࡞ฝ✉๑ᚃ࡞
࠽ࡄࡾ⅛Ề໩∸ࡡ㌹ὮࡷⓇ⇅ᚃࡡ⅛Ề໩∸්⵫✒ࡡ≁ᛮཀྵࡦࡐࡿ࡞㛭୙ࡌࡾⴝ㌗ࡡ
⩹໩≁ᛮ➴ࢅࡈࡼ࡞ㄢ࡬ࡾࡆ࡛࠿ᚪさ࡚࠵ࡾ
᭩ᚃ࡞ᮇ❮࡚ࡢ಻ఄᢤᢘᛮ࡞ᐞ୙ࡌࡾୖన㒂ࡡᢪࡊ಻ࡊᢤᢘ࡞㛭୙ࡌࡾ᩺ࡊ
࠷㐿ఎᏄᗑࡡྜྷᏽࢅ⾔ࡖࡒࡐࡡ⤎ᯕぜ࠷ฝࡈࡿࡒ㐿ఎᏄᗑ SUO ࡢ཭㔖ࡡ఩ୖ
ࢅᘤࡀ㉫ࡆࡌࡆ࡛࡝ࡂ಻ఄᢤᢘᛮࢅྡྷ୕ࡈࡎࡾࡆ࡛࠿♟ြࡈࡿࡒ+LJ9FGOH
SUOࢅྱࡳ࢜ࢦࣚࢪ⏜ᮮࡡ᯹Ⰵమ᩷∞ࢅ᭯ࡌࡾ 3.1ࡡ⏍⌦ᏕⓏ࡝よᯊ࡞ࡻࡖ࡙
 37 
SUO࠿Ᏸ⇅᭿࡞࠽ࡄࡾୖన㒂ⱴࡡ⅛Ề໩∸ࡡ⵫✒࡞㛭୙ࡊ࡙࠷ࡾࡆ࡛࠿♟ြࡈࡿࡒ
ࡆࡿࡼࡡ⤎ᯕࡢSUO ࠿࢕ࢾ࡞࠽ࡄࡾ಻ఄᢤᢘᛮྡྷ୕ࡡࡒࡴࡡ᩺ࡊ࠷ࢰ࣭ࢣࢴࢹ࡞
ᠺࡽᚋࡾࡆ࡛ࢅᙁࡂ♟ြࡊ࡙࠷ࡾ
 
  ᦤさ
 ᮇ❮࡚ࡢୖన㒂ࡡᢪࡊ಻ࡊᢤᢘ࡞㛭୙ࡌࡾ㐿ఎᏄᗑSUOࢅྜྷᏽࡊࡆࡡ㐿
ఎᏄᗑࡡᶭ⬗ࢅよᯊࡊࡒᚋࡼࡿࡒ⤎ᯕࡢ௧ୖࡡ㏳ࡽ࡚࠵ࡾ 
 ࢜ࢦࣚࢪ࡞࠽ࡄࡾୖన㒂ࡡᢪࡊ಻ࡊᢤᢘೋࡢ s3HP࡚࠵ࡽࡆࡡೋ
ࡢ᪝ᮇᬍࡡୖన㒂ࡡᢪࡊ಻ࡊᢤᢘೋs3HPࡡ  ಶ࡚࠵ࡖࡒ
 ᪝ᮇᬍ࡛࢜ࢦࣚࢪࡡ㛣࡚షᠺࡈࡿࡒ '.1ࡢ ࠤ3HPࡡ㛣࡚ᢪࡊ಻ࡊᢤᢘ
ೋࡡฦ㞫ࢅ♟ࡊࡆࡡฦ㞫ࡢ ࠤ ࡛ ࠤ3HPࡡ㛣ࡡ ࡗࡡࣅ࣭
ࢠࢅ᭯ࡊ࡙࠷ࡒ
 ୖన㒂ࡡᢪࡊ಻ࡊᢤᢘ࡞㛭୙ࡌࡾ ࡗࡡ 691࠿➠ ཀྵࡦ  ᯹Ⰵమ
୕࡞ぜ࠷ฝࡈࡿࡆࡿࡼࡡ 691ࡡୖన㒂ࡡᢪࡊ಻ࡊᢤᢘ࡫ࡡᐞ୙⋙ࡡྙゝࡢ 
࡚࠵ࡖࡒ
 ࢜ࢦࣚࢪᆵࡡ㐿ఎᏄᗑ࡞ࡻࡖ࡙ୖన㒂ࡡᢪࡊ಻ࡊᢤᢘ࠿ቌຊࡌࡾ 691ࡢ᯹Ⰵమ 
␊୕࡞ぜ࠷ฝࡈࡿࡒ 691SUOࡡࡲ࡚࠵ࡖࡒ
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 ྋ㢴࡞ࡻࡾ಻ఄ࡫ࡡᢤᢘᛮ࡞㛭୙ࡌࡾ 691ࡢ➠ ᯹Ⰵమ࡞ ࡗ➠ ᯹Ⰵమ࡞ 
ࡗぜ࠷ฝࡈࡿࡒ
 ➠ ᯹Ⰵమ࡞࠽࠷࡙࣏࣭࣭࢜( ௛㎾࡚ྋ㢴࡞ࡻࡾ಻ఄ࡫ࡡᢤᢘᛮ࡞㛭୙ࡌࡾ
691ࡢୖన㒂ࡡᢪࡊ಻ࡊᢤᢘ࡞㛭୙ࡌࡾ 691࡛㔔々ࡊ࡙࠷ࡒ
 ✉ᥖ࠷᭿㛣࡞㛭୙ࡌࡾ 691ࡢ➠᯹Ⰵమ࡞ぜ࠷ฝࡈࡿ࢜ࢦࣚࢪᆵ࡚ḿࡡష⏕ࢅ♟
ࡌ㐿ఎᏄᗑ࡚࠵ࡖࡒࡆࡡ㐿ఎᏄᗑࢅ᭯ࡌࡾ 3.13.1FKࡡ✉ᥖ࠷᭿㛣ࡢ᪝ᮇᬍ
࡞Ẓ࡬࡙ ᪝㛏࠾ࡖࡒ
 3.13.1ཀྵࡦ 3.1 ࡡୖన㒂ࡡᢪࡊ಻ࡊᢤᢘೋࡢࡐࡿࡑࡿ᪝ᮇᬍࡡᢤᢘೋ
ࡡ  ཀྵࡦ ಶ࡚࠵ࡖࡒ
 3.13.1ཀྵࡦ 3.1 ࡡ᳔∸మධమ࡞࠽ࡄࡾ಻ఄᢤᢘᛮࡢࡐࡿࡑࡿ᪝ᮇᬍࡡ
ᢤᢘೋࡡ ཀྵࡦಶ࡚࠵ࡖࡒ
 3.1ཀྵࡦ 3.1ࡡⲙ୓ࡢ᪝ᮇᬍࡻࡽࡵ᭯ណ࡞㧏࠾ࡖࡒ࠿3.1ࡡⲙ୓ࡢ௙
ࡡ 3.1ཀྵࡦ᪝ᮇᬍࡻࡽࡵ᭯ណ࡞఩࠾ࡖࡒ
 㐽ᢜࡈࡿࡒ 3.1ࡡ཭㔖ࡢ᪝ᮇᬍ࡛ྜྷ⛤ᗐ࡚࠵ࡖࡒ
 ᆀ㝷ࡻࡽ HP ௧୕῕࠷ᅰቫ࡞ྱࡱࡿࡾ᰷ࡡஜ∸㔔࡞ࡢ3.1࡛᪝ᮇᬍࡡ㛣࡞᭯
ណ࡝ᕣࡢ↋࠾ࡖࡒ
 ᆀ㝷ࡻࡽ HP ࡱ࡚ࡡⱴୖన㒂ⱴࡡஜ∸㔔ࡢ3.1࡚㧏ࡂ᪝ᮇᬍࡻࡽ 
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࠾ࡼ 㔔࠾ࡖࡒࡱࡒୖ న㒂ⱴࡡ⤄⧂ᐠᗐࡢ᪝ᮇᬍࡻࡽࡵ ࠾ࡼ 㧏࠾ࡖ
ࡒ
 3.13.1ཀྵࡦ 3.1 ࡞࠽ࡄࡾࢸࣤࣈࣤྱ㔖ࡢࡐࡿࡑࡿ᪝ᮇᬍࡡ 
ཀྵࡦ ಶࢨࣘ⢶ྱ㔖ࡢࡐࡿࡑࡿ᪝ᮇᬍࡡ ཀྵࡦ  ಶ㧏࠾ࡖࡒ
 ࢢ࢕⣪ྱ㔖ࡢ᪝ᮇᬍࡻࡽࡵ 3.1࡚఩࠷ലྡྷ࡞࠵ࡽ୯࡚ࡵ 3.1 ࡚᭩ࡵ఩࠾ࡖ
ࡒ
 40 
➠  ❮ ࢕ࢾⴝ㠟࡞࠽ࡄࡾฝ✉๑ᚃࡡ⅛Ề໩∸⵫✒≁ᛮ࡞ࡗ࠷࡙

 ⥬ゕ
 ࢕ࢾࡢฝ✉๑࡞⅛Ề໩∸ࢅⴝ㠟ཀྵࡦ⛡࡞⵫✒ࡊฝ✉ᚃࡐࡡ⅛Ề໩∸ࢅ✉࡫
㍲㏞ࡌࡾ>RVKLIFࡆࡡ㐛⛤࡞࠽࠷࡙ⴝ㠟ཀྵࡦ⛡ࡡᙲ๪ࡢࢨࣤࢠ࠾ࡼࢮ
࣭ࢪ࡫ንᥦࡊฝ✉๑࡞⵫✒ࡈࡿࡒ⅛Ề໩∸ࡢ᭩⤂Ⓩ࡝཭㔖ࡡ⣑ ࢅ༥ࡴࡾ(RHN
FQI>RVKLIF⅛Ề໩∸⵫✒⬗ງࡢ཭㔖࡞ᙁࡂ㛭୙ࡊࢩࣔ࣎ࢼ࢜ဗ⛸࡛࢕ࣤ
ࢸ࢔࢜ဗ⛸㛣ࡡ +ࡢ㧏࠷⅛Ề໩∸⵫✒⬗ງ࡞ࡻࡖ࡙ࡐࡡ཭㔖࣎ࢷࣤࢨࣔࣜࢅ㧏ࡴ࡙
࠷ࡾࡆ࡛࠿ሒ࿈ࡈࡿ࡙࠷ࡾᏯࡼฝ✉ᚃකྙᠺ࠿ᖱࡣࡗ➴ࡡ୘ฺ࡝≟Ἓ
࡞ࡻࡽ఩ୖࡊࡒሔྙฝ✉๑࡞⵫✒ࡊࡒ⅛Ề໩∸㔖࠿Ⓡ⇅Ṅྙ࡞ኬࡀࡂᙫ㡢ࡌࡾ
,FOOFJKHUHWFOࡆࡡࡻ࠹࡞ⴝ㠟୩ࡦ࡞⛡࡫ࡡ⅛Ề໩∸⵫✒ࡢ཭㔖ࡡỬᏽ
࡞῕ࡂ㛭౿ࡊ࡙࠽ࡽ≁࡞ⴝ㠟ࡡ⅛Ề໩∸⵫✒㔖ࢅቌຊࡈࡎࡾࡆ࡛ࡢ࢕ࢾࡡ཭㔖ࢅ
ྡྷ୕ࡈࡎࡾࡒࡴࡡ୹さ࡝ࢰ࣭ࢣࢴࢹࡡࡥ࡛ࡗ࡞࡝ࡖ࡙࠷ࡾ)LQJNXKQHWFO 
.VKLPFUX
ⴝ㠟ࡢ୕న㒂࡚ⴝ㌗࡛᥃ྙࡊୖన㒂࡚⛡࡛᥃ྙࡊ࡙࠷ࡾⴝ㌗ࡡකྙᠺ࡞ࡻ
ࡖ࡙ᚋࡼࡿࡒ⅛Ề໩∸ࡢⴝ㠟ࡡ୕న㒂࡞㍲㏞ࡈࡿࡐࡡᚃⴝ㠟ࡡୖన㒂࡫࡛⛛㏞ࡈ
ࡿࡾࡱࡒⴝ㠟ࡡ୕న㒂ࡢ⥫Ⰵ࡚࠵ࡾ࠿ୖ న㒂ࡢ௙ࡡⴝ㠟࡞ໜࡱࡿ⥫Ⰵᗐ࠿఩࠷
 41 
὘㔕ࡼࡢⴝ㠟ࢅ୕న㒂࡛ୖన㒂ࡡ ࡗ࡞ฦ๪ࡊࡐࡿࡼࡡකྙᠺ⬗ງࢅẒ
㍉ࡊࡒࡐࡡ⤎ᯕ୕న㒂ࡢ㧏࠷කྙᠺ⬗ງࢅ᭯ࡊ࡙࠷ࡾ࠿ୖన㒂ࡢ࡮࡛ࢆ࡜කྙ
ᠺࢅ⾔ࡖ࡙࠷࡝࠷ࡆ࡛ࢅ♟ࡊࡒࡱࡒࢸࣤࣈࣤࣙࢗ⣪ཬᚺࢅㄢᰕࡌࡾ࡛ⴝ㠟ୖన
㒂ࡢ୕న㒂ࡻࡽࡵኣࡂࡡࢸࣤࣈࣤࢅ⵫✒ࡊ࡙࠷ࡾࡆ࡛࠿ሒ࿈ࡈࡿ࡙࠷ࡾ⸠஬࣬ ⏛୯
ࡆࡿࡼࡡ⤎ᯕࡢⴝ㠟ࡡ≁ᛮ࠿୕న㒂࡛ୖన㒂ࡡ㛣࡚␏࡝ࡾࡆ࡛ࢅ♟ࡊ࡙࠷
ࡾࡊ࠾ࡊୌ⯙࡞ⴝ㠟ࡢࡥ࡛ࡗࡡᵋᠺ༟న࡛ࡊ࡙⩻࠻ࡼࡿ࡙࠽ࡽࡐࡡᶭ⬗࡞ࡢ୘᪺
࡝Ⅴ࠿ኣ࠷ࡱࡒฝ✉๑ࡡ࢕ࢾ࡚ࡢḾⴝ࠾ࡼୖ࡫ ␊┘ࡡⴝࡡⴝ㠟 ⴝ㠟࡚ 
௙ࡡⴝ㠟ࡻࡽࡵࢸࣤࣈࣤࡡ⵫✒࠿ኣࡂ<FWFQFGHHWFOḾⴝⴝ㠟ࡢࢸࣤࣈ
ࣤࡻࡽࡳࡊࢀࢨࣘ⢶ࢅ⵫✒ࡌࡾ-LURVHHWFOࡆࡡࡻ࠹࡞ⴝ㠟ࡡᶭ⬗ࡢ
⟿న࡞ࡻࡖ࡙␏࡝ࡾࡆ࡛࠿ふᐳࡈࡿ࡙࠷ࡾ
 ➠  ❮࡞࠽࠷࡙಻ఄᢤᢘᛮࢅྡྷ୕ࡈࡎࡒ㐿ఎᏄᗑSUOࢅ᭯ࡌࡾྜྷ㈻㐿ఎᏄ
⣌⤣ࡢ཭㔖ࢅ఩ୖࡈࡎࡾࡆ࡛࡝ࡂᏰ⇅᭿ࡡⱴ࡞ኣ㔖ࡡ⅛Ề໩∸ࢅྱࢆ࡚࠷ࡒ
9FGOH 0FVKL\FJLFQI.VKLPFUXฝ✉ᚃ⅛Ề໩∸ࡢⴝ㠟ཀྵࡦ⛡࠾
ࡼ✉࡫⛛⾔ࡊⓇ⇅ᚃ්ࡦⴝ㠟ཀྵࡦ⛡࡞්⵫✒ࡌࡾ᩟⸠ࡼᏰ⇅᭿࡞ⴝ
㠟ཀྵࡦ⛡࡞࠵ࡾ⅛Ề໩∸ࡢฝ✉๑࡞⵫✒ࡈࡿࡒ࠿✉࡫⛛⾔࡚ࡀ࡝࠾ࡖࡒࡵࡡࡵ
ࡊࡂࡢⓇ⇅ᚃ࡞්⵫✒ࡈࡿࡒࡵࡡ࡛⩻࠻ࡼࡿࡾSUO ࡞ࡻࡾ཭㔖࡞ᙫ㡢ࡡ࡝࠷ⱴ୯
⅛Ề໩∸ࡡ⵫✒㔖ࡡቌຊ࠿࡜ࡡࡻ࠹࡞ࡊ࡙㉫ࡀࡒࡡ࠾ࡐࡡさᅄࢅよ᪺ࡌࡾࡒࡴ࡞ࡢ
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ฝ✉ᚃࡡ⅛Ề໩∸⵫✒≁ᛮࢅㄢ࡬ࡾࡆ࡛ࡢ㔔さ࡚࠵ࡾ࡛⩻࠻ࡼࡿࡾ
 ᮇ❮࡚ࡢ཭㔖Ửᏽ࡞ᙫ㡢ࡌࡾ࡛⩻࠻ࡼࡿࡾⴝ㠟ࡡᶭ⬗࡞╌┘ࡊSUOࢅ᭯ࡌࡾ
ྜྷ㈻㐿ఎᏄ⣌⤣ࡡ㐿ఎᏕⓏ⫴ᬊ࡚࠵ࡾ᪝ᮇᬍࡡ⅛Ề໩∸⵫✒≁ᛮࢅㄢᰕࡊࡒරమⓏ
࡞ࡢḾⴝⴝ㠟୩ࡦ࡞ⴝ㠟ࢅࡐࡿࡑࡿ୕న㒂࠾ࡼୖన㒂࡞ฦ๪ࡊฝ✉๑࠾ࡼⓇ⇅
ࡱ࡚ࡡ᭿㛣࡞࠽ࡄࡾ⅛Ề໩∸ࡡ⵫✒㔖ࢅẒ㍉ࡊࡒ
 
 ᮞᩩཀྵࡦ᪁Ἢ
౩モᮞᩩ
 ᪝ᮇᬍࢩࣔ࣎ࢼ࢜ࡡ⛸Ꮔࢅ Υࡡⵠ⏻Ề࡞ ᪝㛣ᾈࡄതⰾࡈࡎࡒതⰾ
⛸Ꮔࢅ᧓⛸ࡊࠤ ⴝ㱃࡞㐡ࡊࡒᖺⱉ ᰬࢅ࣠ࢡࢻ࣭࣎ࢴࢹ࡞⛛᳔ࡊ᪺
᭿᫤㛣ᬧ᭿᫤㛣࡛ࡊῺᗐࢅ᪺᭿Υᬧ᭿ΥཀྵࡦකᙁᗐࢅȣPROP̽ 
VHH̽ ࡞スᏽࡊࡒࢡࣞࢪࢲࣔࣤࣁ࣭හ࡚⫩ᠺࡊࡒฝ✉๑ ᪝┘⛛᳔ᚃ ᪝┘ฝ
✉ᚃ  ᪝┘ ᪝┘୩ࡦ࡞ ᪝┘࡞୹⛡╌⏍ࡡḾⴝⴝ㠟ཀྵࡦḾⴝⴝ㠟࠾ࡼୖ࡫ 
␊┘ࡡⴝ㠟 ⴝ㠟ࢅࢦࣤࣈࣛࣤࢡࡊࡒฝ✉ᚃ  ᪝┘࡞✉㔔ࡡቌຊ࠿ೳḾࡊࡒ
ࡒࡴࡆࡡ᪝ࢅⓇ⇅Ᏸ஡᪝࡛ࡊࡒࡌ࡬࡙ࡡࢦࣤࣈࣛࣤࢡࡢ ᫤࡞⾔࠷ ฦ௧
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හ࡞Ᏸ஡ࡊࡒࢦࣤࣈࣛࣤࢡࡊࡒⴝ㠟ࢅ᭩୕న㒂࠾ࡼᇱ㒂࡞࠾ࡄ࡙ HP 㛣㝰࡚ฦ
๪ࡊࡒ+LJ&ࢦࣤࣈࣜࡡฦ๪ࡢể୕࡚⾔࠷ฦ๪ࡊࡒࢦࣤࣈࣜࡢᾦమ✽⣪࡚
ᾈ₍ࡊ෼ࡼࡎࡒᚃΥ࡚ಕᏋࡊࡒ. 
 
⅛Ề໩∸ྱ㔖ῼᏽ
 ⅛Ề໩∸ྱ㔖ࡢ➠ ❮࡚♟ࡊࡒࡻ࠹࡞ .VKLPFUX ࡼFࡡ᪁Ἢ࡞ᚉ࠷㓕⣪Ἢ
࡚ῼᏽࡊࡒ
 
 ⤎ᯕ
Ḿⴝⴝ㠟୩ࡦ࡞ ⴝ㠟࡞࠽ࡄࡾ⅛Ề໩∸⵫✒≁ᛮ
 ᪝ᮇᬍࡡḾⴝⴝ㠟࡛ⴝ㠟ࡡ㛣࡚⅛Ề໩∸⵫✒≁ᛮ࡞᪺ࡼ࠾࡝㐢࠷࠿☔ヾࡈࡿ
ࡒ+LJ'ฝ✉๑Ḿⴝⴝ㠟ࡡ྘㒂న࡞࠽ࡄࡾࢸࣤࣈࣤྱ㔖ࡢ ⴝ㠟ࡡྜྷ㒂
న࡞Ẓ࡬఩࠷ೋࢅ♟ࡊࡒḾⴝⴝ㠟ࡡ྘㒂న࡞࠽ࡄࡾ⤊᫤Ⓩ࡝ࢸࣤࣈࣤྱ㔖ࡡን໩࡞
᭯ណ࡝ᕣࡢぜࡼࡿ࡝࠾ࡖࡒ࠿ ␊┘ࡡ㒂నᇱ㒂ࡓࡄ࠿ฝ✉ᚃ᭯ណ࡞ቌຊࡊࡒฝ
✉๑࡞࠽ࡄࡾࢨࣘ⢶୩ࡦ࡞༟⢶㢦ࡡྱ㔖ࡢ᭩୕న㒂࠾ࡼᇱ㒂࡞࠾ࡄ࡙├⥲Ⓩ࡞㧏ࡂ
࡝ࡖ࡙࠷ࡒ྘㒂న࡞࠽ࡄࡾ༟⢶㢦ࡡྱ㔖ࡢࢨࣘ⢶ྱ㔖ࡡ⣑ ࡚࠵ࡽ୦⩽ࡡ
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Fig. 3-1.  Time-related and positional changes in contents of starch, sucrose, and hexoses in flag leaf 
sheaths and -2 leaf sheaths before and after heading. A leaf sheath was cut every 3 cm and divided into 
six or seven parts (A), and carbohydrate contents were measured in each part (B). DAH=days after 
heading. Results are mean ± SE (n=5).  

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㛣࡞ࡢ㧏࠷┞㛭㛭౿࠿☔ヾࡈࡿࡒU"᭯ណỀ‵ฝ✉ᚃࢨࣘ⢶ྱ㔖ࡢ
᭩୕న㒂ࡻࡽ ␊┘࠾ࡼ ␊┘ࡡ㒂న࡚఩ୖࡊࡒ༟⢶㢦ྱ㔖ࡢࡌ࡬࡙ࡡ㒂న࡚఩ୖ
ࡊࡒ
 ฝ✉๑ ⴝ㠟࡚ࡢࢸࣤࣈࣤྱ㔖࠿᭩୕న㒂࠾ࡼᇱ㒂࡞࠾ࡄ࡙├⥲Ⓩ࡞ቌຊࡊ
ࡒU"Ề‵ᇱ㒂ࡡࢸࣤࣈࣤྱ㔖ࡢ᭩୕న㒂ࡡ  ಶ࡚࠵ࡖࡒฝ
✉ᚃࢸࣤࣈࣤྱ㔖ࡢࡌ࡬࡙ࡡ㒂న࡚΅ᑛࡊࡒࢨࣘ⢶ཀྵࡦ༟⢶㢦ྱ㔖ࡢḾⴝⴝ
㠟ࡻࡽࡵ఩࠾ࡖࡒ༟⢶㢦ࡡྱ㔖ࡢࢨࣘ⢶ࡡ⣑ ࡚࠵ࡖࡒฝ✉ᚃࡡࢨࣘ⢶ཀྵ
ࡦ༟⢶㢦ࡡྱ㔖ࡢ᭩୕న㒂࡛ ␊┘ࡡ㒂న࡚ቌຊࡊࡒ࠿ࡆࡿࡻࡽୖࡡ㒂న࡚ࡢቌ
ຊࡊ࡝࠾ࡖࡒ 

 ⩻ᐳ
 ᮇ◂✪࡞࠽࠷࡙᪝ᮇᬍࡡḾⴝⴝ㠟࡛ⴝⴝ㠟ࡡ⅛Ề໩∸⵫✒≁ᛮ࡞ࡢኬࡀ࡝㐢
࠷࠿ぜࡼࡿฝ✉๑࡞⵫✒ࡊࡒ⅛Ề໩∸ࡡ⛸㢦ཀྵࡦྱ㔖ࡢ୦ⴝ㠟㛣࡚␏࡝ࡖ࡙࠷
ࡒ+LJ' ⴝⴝ㠟ࡡ྘㒂నࡢḾⴝⴝ㠟ࡡྜྷ㒂నࡻࡽࡵኣࡂࡡࢸࣤࣈࣤࢅ⵫
✒ࡊࢨࣘ⢶ཀྵࡦ༟⢶㢦ࡡྱ㔖ࡢ఩࠾ࡖࡒḾⴝⴝ㠟࡞࠽࠷࡙ࡢ༟⢶㢦ࡢฝ✉๑
࡞⵫✒ࡊฝ✉ᚃ᛬⃥࡞఩ୖࡊࡒ༟⢶㢦ࡢ࿣ྺࡡᇱ㈻࡛ࡊฺ࡙⏕ࡈࡿࡾ࠿ⴝ㠟ࡡ
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࿣ྺ㏷ᗐࡢฝ✉๑ᚃ࡚ୌᏽ࡚࠵ࡾ.VKLLᚉࡖ࡙༟⢶㢦ࡢࢨࣘ⢶࡛ྜྷᵕ࡞
Ḿⴝⴝ㠟࡞࠽ࡄࡾ⅛Ề໩∸ࡡ㈋ⶮ∸㈻࡛⩻࠻ࡼࡿࡾ
  ⴝⴝ㠟࡞࠽ࡄࡾࢸࣤࣈࣤྱ㔖ࡷḾⴝⴝ㠟࡞࠽ࡄࡾࢨࣘ⢶ཀྵࡦ༟⢶㢦ྱ㔖ࡢ
ⴝ㠟ࡡ᭩୕న㒂࠾ࡼᇱ㒂࡞ྡྷࡄ࡙├⥲Ⓩ࡞ቌຊࡊࡒ+LJ'ࡆࡡ⤎ᯕࡢ⸠
஬࣬⏛୯࠿ࣙࢗ⣪ࢸࣤࣈࣤཬᚺࢅ⏕࠷࡙♟ࡊࡒ⤎ᯕ࡛ୌ⮬ࡌࡾ⅛Ề໩∸
ࡢⴝ㌗࠾ࡼⴝ㠟࡫㍲㏞ࡈࡿࡾ࠿ⴝ㠟࡞⵫✒ࡌࡾ⤊㐛ࡢࡱࡓレࡊࡂよ᪺ࡈࡿ࡙࠷࡝
࠷ⴝ㠟හ࡞࠽࠷࡙㍲㏞ࡈࡿࡒ⅛Ề໩∸࠿࡜ࡡࡻ࠹࡞⵫✒ࡌࡾࡡ࠾ࢅよ᪺ࡌࡾࡒࡴ࡞
⅛⣪ࡡྜྷనమࢅ⏕࠷ࡒ⅛Ề໩∸ࡡࢹ࣭ࣝࢦ࣭ᐁ㥺➴ࢅ⾔࠹ᚪさ࠿࠵ࡾ࡛⩻࠻ࡼࡿࡾ
ฝ✉ᚃࡡḾⴝⴝ㠟ୖన㒂࡚ࡢࢨࣘ⢶ཀྵࡦ༟⢶㢦ྱ㔖࠿ⴥࡊࡂ఩ୖࡊ୕న㒂
࡚ࡢࢨࣘ⢶ྱ㔖ࡢኬࡀࡂን໩ࡎࡍ༟⢶㢦ࡢ఩ୖࡊࡒࡱࡒᇱ㒂࡚ࡢࢸࣤࣈࣤྱ㔖࠿
ቌຊࡊⓇ⇅ೳḾ᫤࡞ࡢࢨࣘ⢶ࡵቌຊࡊࡒ+LJ'ୌ᪁ ⴝ㠟࡚ࡢฝ✉ᚃࡌ
࡬࡙ࡡ㒂న࡚ࢸࣤࣈࣤྱ㔖࠿఩ୖࡊ୕న㒂࡚ࢨࣘ⢶࡛༟⢶㢦࠿ቌຊࡊࡒ+LJ
'ࡆࡡ⤎ᯕࡢⴝ㠟ࡢ㒂న࡞ࡻࡖ࡙ྱ㔖ࡡን໩ࡌࡾ⅛Ề໩∸ࡡ⛸㢦ࡷን໩㔖࠿
␏࡝ࡾࡆ࡛ࢅ♟ࡊ࡙࠷ࡾࡱࡒḾⴝⴝ㠟࡚ࡢฝ✉๑࡞ࢨࣘ⢶ཀྵࡦ༟⢶㢦࠿⵫✒ࡊ
ฝ✉ᚃࡐࡡྱ㔖࠿఩ୖࡌࡾ࠿ ⴝ㠟࡚ࡢฝ✉๑࡞ࢸࣤࣈࣤ࠿⵫✒ࡊฝ✉ᚃⓇ⇅Ᏸ
஡᫤ࡱ࡚࡞ࡐࡡྱ㔖࠿ᚆࠍ࡞఩ୖࡊ࡙࠷ࡂࡆ࡛࠿᪺ࡼ࠾࡞࡝ࡖࡒࡆࡿࡼࡡ⤎ᯕ࠾ࡼ
ฝ✉๑ᚃࡡḾⴝⴝ㠟࡛ⴝ㠟ࡡ㛣࡚ࢸࣤࣈࣤࢨࣘ⢶༟⢶㢦ࡡྙᠺཀྵࡦฦよ⬗ງ
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࡞㐢࠷࠿࠵ࡾࡆ࡛࠿♟ြࡈࡿࡒ
 ᭩ᚃ࡞ᮇ❮ࡡ⤎ᯕࡢ᪝ᮇᬍࡡⴝ㠟ࡢࡐࡡ㒂న࡞ࡻࡖ࡙⅛Ề໩∸⵫✒≁ᛮ࠿␏
࡝ࡾࡆ࡛ࢅ♟ࡊࡒࡈࡼ࡞ࢨࣤࢠ࠾ࡼࢮ࣭ࢪ࡫⛛⾔ࡌࡾ᭿㛣࡞࠽ࡄࡾḾⴝⴝ㠟࡛
ⴝⴝ㠟ࡡ㛣࡞ࡢ⅛Ề໩∸⵫✒≁ᛮ࡞ኬࡀ࡝㐢࠷࠿࠵ࡖࡒⴝ㠟ࡢࢨࣤࢠ࠾ࡼࢮ࣭
ࢪ࡞⛛⾔ࡌࡾ㐛⛤࡚⅛Ề໩∸⵫✒ཀྵࡦ㍲㏞࡞࠽࠷࡙㔔さ࡝ᙲ๪ࢅᯕࡒࡊ࡙࠷ࡾ࡛⩻
࠻ࡼࡿࡾ

 ᦤさ
 ᮇ❮࡚ࡢ᪝ᮇᬍࡡฝ✉๑ᚃࡡⴝ㠟࡞࠽ࡄࡾ⅛Ề໩∸ࡡ⵫✒≁ᛮࢅㄢᰕࡊࡒᚋ
ࡼࡿࡒ⤎ᯕࡢ௧ୖࡡ㏳ࡽ࡚࠵ࡾ 
 ฝ✉๑ࡡḾⴝⴝ㠟࡛Ḿⴝ࠾ࡼୖ࡫ ␊┘ࡡⴝ㠟 ⴝ㠟࡛ࡡ㛣࡚⵫✒ࡊࡒ⅛
Ề໩∸ࡡᵋᠺ࡞᪺ࡼ࠾࡝㐢࠷࠿࠵ࡽḾⴝⴝ㠟࡚ࡢࢨࣘ⢶୩ࡦ࡞༟⢶㢦 ⴝ㠟
࡚ࡢࢸࣤࣈࣤࡡ⵫✒࠿☔ヾࡈࡿࡆࡿࡼࡡ⵫✒㔖ࡢฝ✉ᚃ఩ୖࡊࡒ
 ฝ✉๑ࡡḾⴝⴝ㠟࡞࠽ࡄࡾࢨࣘ⢶୩ࡦ࡞༟⢶㢦⵫✒࡛ⴝ㠟࡞࠽ࡄࡾࢸࣤࣈࣤ⵫
✒ࡢⴝ㠟୕న㒂࠾ࡼᇱ㒂࡞ྡྷࡄ࡙├⥲Ⓩ࡞ቌຊࡊࡒ
 Ḿⴝⴝ㠟ࡡ྘㒂న࡞࠽࠷࡙ ␊┘ࡡ㒂నᇱ㒂ࡓࡄ࠿ฝ✉ᚃࢸࣤࣈࣤྱ㔖࠿ቌ
ຊࡊࡒ

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➠  ❮ ࢕ࢾࡡ಻ఄᢤᢘᛮ࡞㛭୙ࡌࡾ㐿ఎᏄᗑ SUO ࡞ࡻࡾᏰ⇅᭿ 
    ࡡⱴ୯⅛Ề໩∸⵫✒ቌຊ࡛ࡐࡡさᅄ

 ⥬ゕ
 ࢕ࢾࡡⓇ⇅ࡢฝ✉๑࡞ⱴ࡫⵫✒ࡈࡿࡒ⅛Ề໩∸ࡡ්㌹Ὦ࡛ฝ✉ᚃࡡකྙᠺ࡞ࡻࡽ
⏍⏐ࡈࡿࡒ⅛Ề໩∸ࡡ㌹Ὦ࡞ࡻࡖ࡙Ửᏽࡈࡿࡾ0RGFWFHWFO >RVKLIF
ฝ✉๑࡞⵫✒ࡈࡿࡒ⅛Ề໩∸ྱ㔖࠿᭩⤂Ⓩ࡝཭㔖ࡡ⣑ ࢅ༥ࡴ(RHNFQI
>RVKLIFⱴ࡞⅛Ề໩∸࠿ṟᏋࡌࡾ࡛཭✥ᣞᩐ࠿΅ᑛࡌࡾ(FRHWFO 
?KXHWFOࢩࣔ࣎ࢼ࡛࢜࢕ࣤࢸ࢔࢜ࡡ +㞟⛸࡚ࡢ཭✥᭿ࡡⱴ࡞ṟᏋࡌࡾ
⅛Ề໩∸࠿ኣࡂࡆࡡࡆ࡛࠿཭✥ᣞᩐࡷⓇ⇅Ṅྙࢅ఩ୖࡈࡎࡾ>FQJHWFO
 ࢕ࢾࡡⱴࡢ⛡࡛ⴝ㠟࡞ࡻࡖ࡙ᵋᠺࡈࡿࡾḾⴝⴝ㠟ࡻࡽୖ࡫␊┘ࡡⴝ㠟ࡢ௙
ࡡⴝ㠟ࡻࡽࡵ㧏࠷⅛Ề໩∸⵫✒ࢅ♟ࡌ<FWFQFGHHWFO➠ ❮࡞࠽࠷࡙᪝
ᮇᬍࡢฝ✉๑࡞Ḿⴝⴝ㠟ࡻࡽୖ࡫ ␊┘ࡡⴝ㠟࡚ࡢ୹࡞ࢸࣤࣈࣤࢅ⵫✒ࡊḾⴝⴝ㠟
࡞࠽࠷࡙ࡢࢨࣘ⢶ཀྵࡦ༟⢶㢦ࢅ⵫✒ࡌࡾࡆ࡛ࢅ♟ࡊࡒ➠ ❮+LJ .VKLPFUX
HWFO
 ⴝ㌗ࡡ㯜໩ࡷࢠࣞࣞࣆ࢔ࣜࡡ᥾኶ࡢ᭩ࡵฦ࠾ࡽࡷࡌ࠷⩹໩ࡡ඗ು࡚࠵ࡾ
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+ULHIULHKFQI-XIIFNHU⩹໩ࡡ㐔ࡿࡢ͆ VWF^JUHHQ͇࡛࿣ࡣࡿ9KRPFV
FQI-R\FUWKஜ⇩ࢪࢹࣝࢪ಻ఄཀྵࡦⱴࡡ⭁ᩃ࡞ᢤᢘࡌࡾᛮ㈻ࡡ ࡗ࡚࠵
ࡾ=XHWFO 7RVHQR\⩹໩㛜ጙ᫤᭿ࡷ⩹໩ࡡ㐅⾔ࡡ㐔ࡿࡢⓇ⇅
᭿㛣࡞࠽ࡄࡾකྙᠺࡡᣚ⤾᭿㛣ࢅ㛏ࡂࡌࡾ9KRPFVFQI-R\FUWKୌ᪁࡚⩹
໩ࡡ㐔ࡿࡢ⅛Ề໩∸ࡡ්㌹Ὦࢅ㐔ࡼࡎᰜ㣬ᠺ㛏᭿⤂஡ᚃࡡⱴ࡞ኣ㔖ࡡ⅛Ề໩∸ࢅ
ṟᏋࡈࡎࡾࡆ࡛࡞࡝ࡽ⢇㔔ࡡ΅ᑛࢅᘤࡀ㉫ࡆࡌྊ⬗ᛮ࠿㧏࠷>FQJHWFO 
?KXHWFO࢕ࢾཀྵࡦࢮ࣑ࣜ࢝࡞࠽࠷࡙͆VWF^JUHHQ͇࡞㛭୙ࡌࡾ㔖Ⓩ
ᙟ㈻㐿ఎᏄᗑ691V࠿࣏ࢴࣅࣤࢡࡈࡿ࡙࠷ࡾ=XHWFO /LFQJHWFO
ࡊ࠾ࡊࡆࡿࡼࡡ㐿ఎᏄᗑ࡞ࡻࡾ཭㔖ཀྵࡦ಻ఄᢤᢘᛮ࡫ࡡ㛭୙ࡢ᪺ࡼ࠾࡞ࡈࡿ࡙࠽ࡼ
ࡍ͆ VWF^JUHHQ͇࡞㛭୙ࡌࡾ 691࠿ᐁ㝷ࡡష∸⫩⛸࡞࠽࠷࡙᭯⏕࡝㐿ఎᏄᗑ࡚࠵
ࡾࡡ࠾ࡢ᪺☔࡞ࡈࡿ࡙࠷࡝࠷
 ಻ఄࡢష∸⏍⏐࡞࠽࠷࡙㔔さ࡝ၡ㢗࡚࠵ࡽⓇ⇅ཀྵࡦ཭㔖ࡡ఩ୖࢅᘤࡀ㉫ࡆ
ࡌ཭✥᭿࡞಻ఄࡊࡒష∸ࡢࡐࡡဗ㈻ࡷ཭✥షᴏࡡຝ⋙ࢅ఩ୖࡈࡎࡾ0RQR 
<HGHUFQI+HKU
 ಻ఄࡢ୕న㒂ࡡ㔔ࡈ࡛ୖన㒂ࡡᨥᣚງࡡ㛣ࡡࣁࣚࣤࢪࢅ኶࠹ࡆ࡛࡞ࡻࡖ࡙⏍ࡋ
ࡾ2XOIHUࡆࡿࡱ࡚಻ఄᢤᢘᛮྡྷ୕ࢅ┘ᣞࡊ࡙⾔ࢂࡿ࡙ࡀࡒ⫩⛸ࡢⲙ୓
ࢅ୹さ࡝ࢰ࣭ࢣࢴࢹ࡛ࡊ୕న㒂ࡡ㔔ࡈ࡛㔔ᚨࡡన⨠ࢅୖࡅࡾࡆ࡛࡞㔔Ⅴ࠿࠽࠾ࡿ࡙
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࠷ࡒ༖▰໩୩ࡦ࡞▰໩ࢅᘤࡀ㉫ࡆࡌ㐿ఎᏄࡡฺ⏕ࡢⲙ୓఩ୖࡡࡒࡴࡡ⫩⛸࡞ኬࡀ
ࡂ㈁⊡ࡊࡒ➠ ❮࡞♟ࡊࡒࡻ࠹࡞಻ఄᢤᢘᛮࢅྡྷ୕ࡈࡎࡾࡆ࡛ࢅ┘Ⓩ࡛ࡊ᳔࡙∸
మୖన㒂ࡡᢪࡊ಻ࡊᢤᢘ࡞╌┘ࡊ᪝ᮇᬍࢩࣔ࣎ࢼ࢜࡛ ࢜ࢦࣚࢪ࢕ࣤࢸ࢔࢜㛣
࡞࠽࠷࡙⫩ᠺࡈࡿࡒᡘࡊஹ㞟⮤Ṣ⣌⤣⩄ࢅ⏕࠷࡙ୖ న㒂ࡡᢪࡊ಻ࡊᢤᢘ࡞㛭୙ࡌࡾ
㐿ఎᏄᗑSUOࢅྜྷᏽࡊࡒ0FVKL\FJLFQI.VKLPFUXSUOࢅ᭯ࡌࡾ 3.1࡚
ࡢᨥᣚງ࡞㛭୙ࡌࡾୖన㒂ࡡᢪࡊ಻ࡊᢤᢘ࠿ቌຊࡊ಻ఄᢤᢘᛮ࠿ྡྷ୕ࡊࡒࡆࡡ
㐿ఎᏄᗑࡢ಻ఄᢤᢘᛮࡡࡒࡴࡡ⫩⛸࡞࠽ࡄࡾⲙ୓௧አࡡ᩺ࡊ࠷ࢰ࣭ࢣࢴࢹ࡞࡝ࡽ
ᚋࡾ࡛᭿ᙽࡈࡿࡾ
 SUOࢅ᭯ࡌࡾ 3.1ࡢᏰ⇅᭿ࡡⱴ࡞ኣ㔖ࡡ⅛Ề໩∸ࢅ⵫✒ࡌࡾࡆ࡛࡞ࡻࡖ࡙ୖన
㒂ࡡᢪࡊ಻ࡊᢤᢘࢅቌຊࡈࡎ࡙࠷ࡒ➠ ❮9FGOH 0FVKL\FJLFQI.VKLPFUX
཭㔖ࡡふⅤ࠾ࡼ⩻࠻ࡾ࡛SUO࡞ࡻࡾᏰ⇅᭿ࡡⱴ࡞࠽ࡄࡾ⅛Ề໩∸⵫✒ࡡቌ
ຊࡢⓇ⇅࡞࡛ࡖ࡙୘ฺ─࡛࡝ࡾྊ⬗ᛮ࠿㧏࠷࠿3.1ࡡ཭㔖ࡢ᪝ᮇᬍ࡛ንࢂࡼ࡝࠾
ࡖࡒᮇ❮࡚ࡢSUOࢅᣚࡗ 3.1ࡡ୯࡚᭩ࡵ಻ఄᢤᢘᛮ࠿㧏ࡂୖ న㒂ⱴ࡫ࡡ⅛Ề໩
∸⵫✒㔖ࡡኣ࠾ࡖࡒ 3.1➠ ❮ࢅཤ↯ࢅ⏕࠷SUO࡞ࡻࡾฝ✉ᚃࡡⱴ࡫ࡡ⅛Ề
໩∸⵫✒ቌຊࡡཋᅄࢅㄢᰕࡊⱴ࡫ࡡ⅛Ề໩∸ࡡ⵫✒࡛಻ఄᢤᢘᛮ࡛ࡡ㛭౿ࢅ᪺ࡼ࠾
࡞ࡊࡒ

 51 
 ᮞᩩཀྵࡦ᪁Ἢ
౩モᮞᩩ
 3.1 ࡢ>FQR ࡡࢡ࣭ࣜࣈ࡞ࡻࡖ࡙㎨ᴏ⏍∸㈠″◂✪ᡜ࡞࠽࠷࡙⫩ᠺࡈࡿࡒ᪝ᮇ
ᬍࢩࣔ࣎ࢼ࢜࡛࢜ࢦࣚࢪ࢕ࣤࢸ࢔࢜ࢅஹ㒼ࡊ࡙ᚋࡼࡿࡒ 3.1ࡡ୯࠾ࡼ࣏࣭
ฺ࣭࢜⏕㐽ᢜ࡞ࡻࡖ࡙㐽ᢜࡊࡒ>FQR3.1 ࡢ➠ ❮࡚♟ࡊࡒୖన㒂ࡡᢪ
ࡊ಻ࡊᢤᢘ࡞㛭୙ࡌࡾ 691SUOࢅ᭯ࡊ࡙࠷ࡾ3.1 ୩ࡦ࡞᪝ᮇᬍࢤࣤࢹ࣭ࣞ
ࣜࢅ ᖳࡡ ᭮࡞᧓⛸ࡊ ᭮୕᪢࡞ࡗࡂࡣᕰࡡ㎨ᴏ⏍∸㈠″◂✪ᡜහỀ⏛ᅜ
ሔ࡞⛛᳔ࡊࡒ✽⣪ࣛࣤ㓗୩ࡦ࡞࢜ࣛ⫟ᩩࢅ⛛᳔├๑࡞ࡐࡿࡑࡿ JPࡡ๪ྙ
࡚᪃୙ࡊࡒ

ୖన㒂ࡡᢪࡊ಻ࡊᢤᢘ୩ࡦ࡞⛡ࡡ๙ᛮࡡῼᏽ
 Ᏸ⇅᭿࡞ୖన㒂ࡡᢪࡊ಻ࡊᢤᢘཀྵࡦ⛡ࡡ๙ᛮࢅ಻ఄᢤᢘᛮ࡛ࡊ࡙ῼᏽࡊࡒ
ୖన㒂ࡡᢪࡊ಻ࡊᢤᢘࡢ಻ఄモ㥺ჹ).0ኬ㉫⌦໩ᕝᴏᰬᘟఌ♣᮶ாࢅ
⏕࠷➠ ❮࡛ྜྷᵕࡡ᪁Ἢ࡚ῼᏽࡊࡒᆀ㝷ࡻࡽ㧏ࡈ HP ௧୕ࡡ᳔∸మ୕న㒂ࢅཱི
ࡽ㝎࠷ࡒᚃ಻ఄモ㥺ჹࢅ㧏ࡈ HP ࡡన⨠࡞ᆱ├࡞ᙔ࡙ⱴࢅ r಻ࡊࡒ᫤ࡡᢪࡊ
಻ࡊᢤᢘೋࢅῼᏽࡊࡒ⛡ࡡ๙ᛮࡢ9*38.143:92..9R^R'FOI\LQ(419)
᮶ாࢅ⏕࠷࡙ᅸ⦨モ㥺࡞ࡻࡖ࡙ῼᏽࡊࡒࡌ࡝ࢂࡔࢦࣤࣈࣛࣤࢡ├ᚃࡡ⛡ࡡ୯ኳ
 52 
㒂ࢅ ฦ࠵ࡒࡽ PP ࡡ㏷ᗐ࡚├ᙼ PP ࡡᖲᆵᅸ⦨἖ර࡞ࡻࡖ࡙ᅸ⦨ࡊࡒ⛡ࡡ๙
ᛮࡢᅸ⦨ิ᭿࡞࠽ࡄࡾ⛡ࡡཬⓆງ࡛ࡊ࡙ῼᏽࡊ✉ࡻࡽୖ࡫ ␊┘ࡡ⟿㛣➠ ⟿
㛣࠾ࡼ ␊┘ࡡ⟿㛣➠ ⟿㛣࡞࠽ࡄࡾᖲᆍೋ࡛ࡊ࡙⾪ࡊࡒ

⅛Ề໩∸ྱ㔖ῼᏽ 
 ➠  ❮࡚♟ࡊࡒࡻ࠹࡞⅛Ề໩∸ྱ㔖ࢅ .VKLPFUX ࡼFࡡ᪁Ἢ࡞ᚉ࠷㓕⣪
Ἢ࡞ࡻࡽῼᏽࡊࡒ
 
ࢠࣞࣞࣆ࢔ࣜྱ㔖ῼᏽ
 ࢠࣞࣞࣆ࢔ࣜྱ㔖ࡢ&UQRQ Ἢࢅ⏕࠷࡙ῼᏽࡊࡒ&UQRQࢦࣤࣈࣛࣤࢡ
ࡢḾⴝⴝ㌗ཀྵࡦࡐࡿࡻࡽୖࡡ ᯓࡡⴝ㌗࡞ࡗ࠷࡙⾔࠷྘ⴝ㌗ࡡ඙❻࠾ࡼ HP
ࡡన⨠୯ኳ㒂ཀྵࡦᇱ㒂࠾ࡼ HP ࡡన⨠ࡡ ࢜ᡜ࠾ࡼྙゝ HPࢅ᤿ཱིࡊࡒࢠ
ࣞࣞࣆ࢔ࣜࡢ࢓ࢬࢹࣤỀ⁈ᾦ࡞ⴝ㌗ࢅᾈ₍ࡊᬧᡜ࡞࡙ ᪝㛣㟴⨠ࡊ࡙᢫ฝࡊ
ࡒࡐࡡᚃ࢓ࢬࢹࣤỀ⁈ᾦࢅ J࡚  ฦ㛣㐪ᚨฦ㞫ࡊἴ㛏 QPཀྵࡦ QP
ࡡྺකᗐࢅῼᏽࡊࡒ 
 
 
 53 
 ⤎ᯕ
SUO ࡡ಻ఄᢤᢘᛮ୩ࡦ࡞཭㔖࡫ࡡᙫ㡢
Ở SUOࡡຝᯕࢅ☔ヾࡌࡾࡒࡴ࡞಻ఄᢤᢘᛮࡡᣞᵾ࡛ࡊ࡙ୖన㒂ࡡᢪࡊ಻ࡊᢤᢘ
ཀྵࡦ⛡ࡡ๙ᛮࢅῼᏽࡊࡒ⤎ᯕ᪝ᮇᬍཀྵࡦ 3.1 ࡡୖన㒂ࡡᢪࡊ಻ࡊᢤᢘೋࡢࡐࡿ
ࡑࡿ ±3HPཀྵࡦ ±3HP࡚3.1 ࡡୖన㒂ࡡᢪࡊ಻
ࡊᢤᢘೋ࠿᪝ᮇᬍࡡ  ಶ㧏࠾ࡖࡒ⛡ࡡ๙ᛮࡵ 3.1 ࡚㧏ࡂ3.1 ࡡ๙ᛮࡢ᪝ᮇ
ᬍࡡ  ಶ࡚࠵ࡖࡒ+LJ✉㔔ཀྵࡦ⢇ᩐ࡞ࡢ୦⩽࡚᭯ណ࡝ᕣࡢ↋ࡂ཭㔖
࡞ࡵ᭯ណ࡝ᕣࡢぜࡼࡿ࡝࠾ࡖࡒ9FGOH

᪝ᮇᬍཀྵࡦ 3.1 ࡡ⛡࡞࠽ࡄࡾ⅛Ề໩∸ࡡ⵫✒
 ฝ✉᫤ࡡ✉࠾ࡼᆀ㝷ࡱ࡚ࡡ⛡࡞࠽ࡄࡾධ⅛Ề໩∸ྱ㔖ࢸࣤࣈࣤࢨࣘ⢶ཀྵࡦ
༟⢶㢦ࡢ᪝ᮇᬍ࡛ 3.1 ࡡ㛣࡚ᕣࡢ↋࠾ࡖࡒ+LJฝ✉ᚃ 㐄㛣┘࡞ࡢ
3.1 ࡡධ⅛Ề໩∸⵫✒㔖ࡢ᪝ᮇᬍࡻࡽࡵ᭯ណ࡞㧏ࡂ࡝ࡽࡐࡡ୯࡚ࢸࣤࣈࣤྱ㔖࠿
᪝ᮇᬍࡡ  ಶ࡞࡝ࡖ࡙࠷ࡒฝ✉ᚃ 㐄㛣┘࡞ࡢ᪝ᮇᬍ࡛ 3.1 ࡡධ⅛Ề໩∸⵫✒
㔖࡞ᕣࡢ↋ࡂ࡝ࡽࢸࣤࣈࣤࡢ࡮࡛ࢆ࡜↋ࡂ࡝ࡖࡒฝ✉ᚃ 㐄㛣┘࡞࡝ࡾ࡛ 3.1
ࡡࢨࣘ⢶ཀྵࡦ༟⢶㢦ࡡྱ㔖ࡢ᪝ᮇᬍࡡ⣑ ಶ࡛࡝ࡽࢸࣤࣈࣤྱ㔖ࡢ  ಶ࡞࡝ࡖ
ࡒ 
 54 
 
 
 
 
 
 
 
 
 
Fig. 4-1. Pushing resistance and culm stiffness in Nipponbare (control) and NIL63. The data are the 
mean of six or more independent plants in each line and vertical bars indicate the standard errors. ***, 
**; Significant at P = 0.001 and 0.01, respectively. 
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Table 4-1. Ear weight, grain number, and yield in Nipponbare and NIL63 
 Ear weight (g) Grain number Yield (g plant–1) 
   Nipponbare 2.14 ± 0.15 85.5 ± 4.92 29.1 ± 0.27 
   NIL63 2.19 ± 0.41 81.3 ± 3.39 28.1 ± 1.19 
Data are presented as the mean and standard error of 4 plants and over. 
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Fig. 4-2. Changes in carbohydrates contents in culms of Nipponbare (control, black line) and NIL63 
(red line). The data are the mean of five independent plants in each line and vertical bars indicate the 
standard errors. ***, **, *; Significant at P = 0.001, 0.01 and 0.05, respectively.Ở
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 58 
 
 
 
 
 
 
 
Fig. 4-3. Changes in carbohydrates contents in leaf sheaths of Nipponbare (control, black line) and 
NIL63 (red line). The data are the mean of five independent plants in each line and vertical bars 
indicate the standard errors. ***, **, *; Significant at P = 0.001, 0.01 and 0.05, respectively.ỞỞ
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Fig. 4-4. Chlorophyll degradation of leaf blades (A, B, C, D) and the ration of chlorophyll a to 
chlorophyll b (Chl a/b ratio, E, F) in Nipponbare and NIL63. The data are the mean of five 
independent plants in each line and vertical bars indicate the standard errors. ***, **, *; Significant at 
P = 0.001, 0.01 and 0.05, respectively.  
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ཀྵࡦ /HQNLQVࡼࡢⴝ㌗࠿⩹໩ࡌ
ࡾ㝷࡞ࢠࣞࣞࣆ࢔ࣜ FGẒ࠿΅ᑛࡌࡾࡆ࡛ࢅሒ࿈ࡊ࡙࠷ࡾࡈࡼ࡞ࢠࣞࣞࣆ࢔ࣜ
FGẒࡢⴝ㌗ࡡ⩹໩ࢅフ౮ࡌࡾᣞᵾࡡࡥ࡛ࡗ࡛⩻࠻ࡼࡿ࡙࠷ࡾ5FWWHUVRQFQI
2RVVࡆࡿࡼࡡ⤎ᯕ࠾ࡼ3.1 ࡡⴝ㌗ࡢ᪝ᮇᬍ࡞Ẓ࡬࡙⩹໩ࡡ㐅⾔࠿㐔ࡂ
ࡐࡡᕣࡢୖన࡞న⨠ࡌࡾⴝ㌗⛤ኬࡀࡂ≁࡞ฝ✉ᚃ㐄㛣┘௧㜾ࡡⴝ㌗࡞࠽࠷࡙ⴥ
ࡊ࠷ࡆ࡛࠿♟ြࡈࡿࡒ
 ⩹໩࠿㐔ࡿࡾ࡛ฝ✉ᚃࡡ⅛Ề໩∸ࡡ්㌹Ὦ࠿㐔ࡿኣ㔖ࡡ⅛Ề໩∸࠿ⱴ࡞ṟᏋࡊ
⢇㔔࠿఩ୖࡌࡾ>FQJHWFO ?KXHWFOᮇ❮࡞࠽࠷࡙SUOࢅ᭯
ࡌࡾ 3.1 ࡢⴝ㌗ࡡ⩹໩ࡡ㐅⾔࠿㐔ࡂᏰ⇅᭿ࡡ⛡ཀྵࡦⴝ㠟࡞࠽ࡄࡾṟᏋ⅛Ề໩
∸㔖࠿㧏࠾ࡖࡒ+LJࡐࡡୌ᪁࡚✉㔔ཀྵࡦ཭㔖࡞ࡢ᪝ᮇᬍ
࡛Ẓ࡬࡙ኬᕣࡢ࡝࠾ࡖࡒ9FGOHࡆࡡ⤎ᯕࡢSUO࡞ࡻࡾᏰ⇅᭿ࡡⱴࡡṟᏋ⅛
Ề໩∸㔖ࡡቌຊࡢⴝ㌗ࡡ⩹໩࠿㐔ࡿࡾࡆ࡛ࡻࡽⓇ⇅ᚃࡡකྙᠺ࠿⥌ᣚࡈࡿ් ㌹Ὦ
ࡈࡿ࡝࠷⅛Ề໩∸࠿ⱴ࡞්⵫✒ࡌࡾࡆ࡛࡞ࡻࡖ࡙ࡵࡒࡼࡈࡿࡒ࡛⩻࠻ࡼࡿࡆࡿ࡞ࡻ
 63 
ࡾᏰ⇅᭿ࡡⱴࡡṟᏋ⅛Ề໩∸㔖ࡡቌຊࡢ཭㔖࡞ᙫ㡢ࡊ࡝࠷ࡆ࡛࠿♟ြࡈࡿࡒ
 ᭩ᚃ࡞SUOࡢⴝ㌗ࡡ⩹໩ࡡ㐔ᘇⓇ⇅ᚃࡡⱴ࡫ࡡ⅛Ề໩∸ࡡ්⵫✒ࡡቌຊ࡞㛭
୙ࡊ⤎ᯕⓏ࡞཭㔖ࢅ఩ୖࡈࡎࡾࡆ࡛↋ࡂ಻ఄᢤᢘᛮࢅྡྷ୕ࡈࡎࡾࡆ࡛࡞㛭୙ࡊ࡙࠷
ࡾࡆ࡛࠿⩻࠻ࡼࡿࡒ௧୕ࡡ⤎ᯕ࠾ࡼSUOࡢ࢕ࢾࡡ಻ఄᢤᢘᛮྡྷ୕ࡡࡒࡴࡡ᩺ࡊ࠷
⫩⛸ࢰ࣭ࢣࢴࢹ࡚࠵ࡽ཭㔖࡞ᙫ㡢ࡊ࡝࠷Ꮽᏽࡊࡒష∸⏍⏐ࢅᚋࡾࡒࡴࡡࡒࡴࡡ᭯ຝ
࡝㐿ఎᏄᗑ࡚࠵ࡾ࡛⩻࠻ࡼࡿࡾ
 
 ᦤさ
 ᮇ❮࡚ࡢSUOࡡᶭ⬗ࢅ᪺ࡼ࠾࡞ࡌࡾࡒࡴ࡞ฝ✉ᚃ࡞࠽ࡄࡾ⛡ཀྵࡦⴝ㠟ࡡ⅛
Ề໩∸⵫✒≁ᛮ࡛ⴝ㌗ࡡ⩹໩≁ᛮࢅ᪝ᮇᬍ࡛ 3.1 ࡚Ẓ㍉ࡊࡒᚋࡼࡿࡒ⤎ᯕࡢ௧ୖ
ࡡ㏳ࡽ࡚࠵ࡾ 
 ฝ✉᫤ࡡ 3.1 ࡡ⛡࡞࠽ࡄࡾධ⅛Ề໩∸ྱ㔖ࢸࣤࣈࣤࢨࣘ⢶ཀྵࡦ༟⢶㢦ࡢ
᪝ᮇᬍ࡛ྜྷ⛤ᗐ࡚࠵ࡖࡒ࠿ฝ✉ᚃ 㐄㛣┘࡞ࡢ᪝ᮇᬍࡻࡽࡵ᭯ណ࡞㧏ࡂ࡝ࡽࢸ
ࣤࣈࣤྱ㔖ཀྵࡦධ⅛Ề໩∸ྱ㔖ࡢࡐࡿࡑࡿ᪝ᮇᬍࡡಶཀྵࡦಶ࡚࠵ࡖࡒ
 ฝ✉ᚃ 㐄㛣┘࡞ࡢ⛡࡞⵫✒ࡊࡒ⅛Ề໩∸࠿✉࡫㌹Ὦࡈࡿ᪝ᮇᬍ࡛ 3.1 ࡡ⅛
Ề໩∸⵫✒㔖࡞ᕣ࠿↋ࡂ࡝ࡖࡒ࠿ฝ✉ᚃ  㐄㛣┘ࡡ⅛Ề໩∸්⵫✒࡞ࡻࡽ
3.1 ࡡࢨࣘ⢶୩ࡦ࡞༟⢶㢦ྱ㔖ࡢ᪝ᮇᬍࡡ⣑ ಶ࡛࡝ࡖࡒ
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 ฝ✉ᚃ 㐄㛣┘࡞ࡢ3.1 ࡡࡌ࡬࡙ࡡⴝ㠟ࡡࢸࣤࣈࣤྱ㔖࠿᪝ᮇᬍࡻࡽࡵ᭯ណ࡞
㧏ࡂ࡝ࡖࡒ࠿ฝ✉ᚃ 㐄㛣┘࡞ࡢ᪝ᮇᬍ࡛ 3.1 ࡛ࡵ࡞ⴝ㠟ࡡࢸࣤࣈࣤ࠿ᾐ኶ࡊ
࡙ࡐࡡᕣࡢ↋ࡂ࡝ࡽฝ✉ᚃ 㐄㛣┘࡞ࡢ 3.1 ࡡ ⴝ㠟ࡡࡲ࡚᪝ᮇᬍࡻࡽ㧏ࡂ
࡝ࡖࡒ
 ฝ✉ᚃ㐄㛣┘࡞ࡢࡌ࡬࡙ࡡⴝ㠟࡚ 3.1ࡡࢨࣘ⢶ཀྵࡦ༟⢶㢦ྱ㔖࠿᪝ᮇᬍࡻࡽ
㧏ࡂฝ✉ᚃ 㐄㛣┘࡞ࡢ୦ᕣࡡᕣࡢ↋ࡂ࡝ࡾ࠿ฝ✉ᚃ 㐄㛣┘࡞ࡢⴝ㠟௧
አࡡⴝ㠟්࡚ࡦ 3.1 ࡡࢨࣘ⢶ཀྵࡦ༟⢶㢦ྱ㔖࠿᪝ᮇᬍࡻࡽ㧏ࡂ࡝ࡖࡒ
 3.1 ࡚ࡢࡌ࡬࡙ࡡⴝ㌗ࡡࢠࣞࣞࣆ࢔ࣜྱ㔖ࡡ఩ୖ࠿㐔ࡿฝ✉ᚃ 㐄㛣┘࡞ࡢࢠ
ࣞࣞࣆ࢔ࣜྱ㔖࠿᪝ᮇᬍ࡞Ẓ࡬࡙㧏ࡂ࡝ࡖࡒ
 3.1 ࡡ ⴝ㌗ࡢฝ✉௧㜾ࡵࢠࣞࣞࣆ࢔ࣜ FGẒࢅ⥌ᣚࡊࡒ࠿᪝ᮇᬍࡡⴝ㌗
࡞࠽ࡄࡾࢠࣞࣞࣆ࢔ࣜ FGẒࡢฝ✉ᚃ 㐄㛣┘࠾ࡼ఩ୖࡊࡒ
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➠  ❮ ୖన㒂ࡡᨥᣚງࡡ఩ୖ࡞㛭୙ࡌࡾさᅄࡡよᯊ  

 ⥬ゕ
 ష∸ࡡ಻ఄࡢ㎨ᴏ࡞࠽ࡄࡾ㔔さ࡝ၡ㢗࡚࠵ࡾⴝ㌗ࡡུකឺເࡡ຋ᝇ໩ࡷ㏳ᑙ⤄
⧂ࡡ᥾ഭࡢකྙᠺࢅ఩ୖࡈࡎⓇ⇅ࢅ㜴ᐐࡊ཭㔖࡞ᝇᙫ㡢ࢅཀྵ࡯ࡌ಻ఄࡢ཭㔖ࢅ
΅ᑛࡈࡎဗ㈻ࢅ఩ୖࡊࡈࡼ࡞཭✥షᴏࡡຝ⋙ࢅ఩ୖࡈࡎ࡙࠷ࡾ<HGHUFQI+HKU
 0RQR಻ఄ࠿཭㔖࡞ཀྵ࡯ࡌᙫ㡢࡛ࡊ࡙ࢱ࢕ࢫ@,O^HLQHPF]1
2HUUB࡞࠽ࡄࡾ཭㔖ࡡ ᥾኶3RRUFQI(F[LQHVV࢛࢛࣑࢟-RUIHXP
[XOJFUH1࡞࠽ࡄࡾ཭㔖ࡡ ᥾኶'ULJJVࢅᘤࡀ㉫ࡆࡌࡆ࡛࠿ሒ࿈ࡈࡿ
࡙࠷ࡾ
 ష∸࡞࠽࠷࡙಻ఄࡢ᳔∸మࡡ୕న㒂ࡡ㔔ࡈ࡛ୖన㒂ࡡᨥᣚງࡡࣁࣚࣤࢪࡡᝇ໩
࡞ࡻࡖ࡙⏍ࡋࡾ2XOIHU࢕ࢾ࡚ࡢ᳔∸మࡡୖన㒂ࡢ✉࡛୕న㒂ࡡⴝ㌗୩
ࡦ࡞ⱴࢅྱࡳ㔔࠷୕న㒂ࢅᨥ࠻࡙࠷ࡾୖ న㒂ࡡᨥᣚງ࡛୕న㒂ࡡ㔔ࡈࡡࣁࣚࣤࢪࡢ
ဗ⛸ࡡ಻ఄ࡫ࡡᢤᢘᛮࢅỬᏽࡌࡾさᅄࡡࡥ࡛ࡗ࡚࠵ࡾ
 ಻ఄᢤᢘᛮࡡࡒࡴࡡ⫩⛸࡞࠽࠷࡙୹࡞ⲙ୓ࡡ఩ୖ࠿ࢰ࣭ࢣࢴࢹ࡞࡝ࡖ࡙࠷ࡾ
͆⥫ࡡ㠁࿤͇࡞࠽࠷࡙༖▰ᛮ⣌⤣࠿㔔࠷✉ࢅ᭯ࡌࡾ࢕ࢾ୩ࡦ࡞ࢤ࣑࢟9ULWLHXP
FHVWL[XP1ࡡ಻ఄࢅ΅ᑛࡈࡎࡾࡒࡴ࡞ᑙථࡈࡿࡒ0HOOHUHWFO 0KXVK
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ࡊ࠾ࡊ࡝࠿ࡼⲙ୓ࡢᚪࡍࡊࡵ಻ఄᢤᢘᛮࢅỬᏽࡌࡾ᭩ࡵ㔔さ࡝さᅄ࡚ࡢ࡝
࠷ኬᕖ࣬▴ཋ *FVVRQHWFOࡐࡡ⌦⏜࡛ࡊ࡙ྜྷࡋⲙ୓ࢅ᭯ࡌࡾ
ဗ⛸㛣࡞࠽࠷࡙಻ఄ⛤ᗐ࠿␏࡝ࡾࡆ࡛ኬᕖ࣬▴ཋ *FVVRQHWFOࡷ
᭩ኬකྙᠺ㔖ࡡふⅤ࠾ࡼ᭩㐲࡝ⲙ୓࠿࠵ࡽ+OLQWKFPHWFOࡆࡡ᭩㐲࡝㧏
ࡈࡻࡽࡵⲙ୓ࢅ఩ࡂࡌࡾࡆ࡛ࡢ཭㔖ࢅ΅ᑛࡈࡎࡾᜅࡿ࠿࠵ࡾࡆ࡛࠿୕ࡅࡼࡿࡾ
 ኣࡂࡡ◂✪⩽࠿಻ఄᢤᢘᛮ࡛௙ࡡᙟ㈻࡛ࡡ㛭౿࡞ࡗ࠷࡙ሒ࿈ࡊ࡙࠷ࡾᙟឺᏕ
Ⓩᙟ㈻ࡡ୯࡚ⱴᙼ୩ࡦ࡞ⱴࡡ㔔㔖ࡢ಻ఄᢤᢘᛮ୩ࡦ࡞ⱴࡡ᭜ࡅᙁᗐ࡛┞㛭ࢅ♟ࡊ࡙
࠷ࡾ&WNLQV ?XGHUHWFO಻ఄࡡᣞᵾ࡚࠵ࡾᢪࡊ಻ࡊᢤᢘࡢ⛡
ࡡኯࡈ୩ࡦ࡞῕ᒒᅰቫ࡞࠽ࡄࡾ᰷ࡡ㔔㔖࡛ḿࡡ┞㛭ࢅ♟ࡊ࡙࠷ࡾᑈᓞࡼ <RQ
HWFOⱴࡡࢬ࣭ࣜࣞࢪࣛࢡࢼࣤཀྵࡦ࡞ࢢ࢕⣪ࡡྱ㔖ࡢࡐࡡ∸⌦Ⓩ࡝ᙁ
ᗐ࡞ᙫ㡢ࢅཀྵ࡯ࡌ.IULVHWFO 0RNXGRHWFO /RQHVHWFO 
2FHWFO 9FQFNFHWFOࡊ࠾ࡊ࡝࠿ࡼ᳔∸మୖన㒂ࡡᨥᣚງ࡛
ᙟឺᏕⓏᙟ㈻ࡵࡊࡂࡢⱴࡡ໩Ꮥᠺฦ࡛ࡡ㛭౿ࡢሒ࿈ࡈࡿ࡙࠷࡝࠷ᮇ◂✪ࡡ➠ ❮࡞
࠽࠷࡙࢕ࢾ࡞࠽ࡄࡾୖన㒂ࡡᢪࡊ಻ࡊᢤᢘ࡞㛭୙ࡌࡾ㔖Ⓩᙟ㈻㐿ఎᏄᗑSUOࢅ
ྜྷᏽࡊࡒSUOࡢᙟឺᏕⓏᙟ㈻୩ࡦ࡞ⱴࡡ໩Ꮥᠺฦࡡን໩࡞ࡻࡖ࡙ୖన㒂ࡡᢪࡊ಻
ࡊᢤᢘࢅቌຊࡈࡎ಻ఄᢤᢘᛮࢅྡྷ୕ࡈࡎࡒࡆࡿࡼࡡ⤎ᯕ࠾ࡼୖన㒂ࡡᨥᣚງࡡ
ྡྷ୕ࡢຝᯕⓏ࡞಻ఄᢤᢘᛮࢅ㧏ࡴࡐࡊ࡙ᨥᣚງ࡞㛭୙ࡌࡾᙟ㈻ࡢ಻ఄᢤᢘᛮྡྷ୕ࡡ
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ࡒࡴ࡞㐲ࡊࡒⲙ୓௧አࡡࢰ࣭ࢣࢴࢹ࡞࡝ࡽᚋࡾࡆ࡛࠿♟ြࡈࡿࡒ
 SUOࡡᑙථ࡞ࡻࡾୖన㒂ࡡᨥᣚງࡡྡྷ୕࠿ⲙᆵࡡ␏࡝ࡾ࠵ࡼࡹࡾဗ⛸࡞ᑊࡊ࡙
಻ఄᢤᢘᛮࢅቌຊࡈࡎࡾ࠾࡜࠹࠾ࡢ᪺☔࡚ࡢ࡝࠷ୖ న㒂ࡡᨥᣚງࡡྡྷ୕࡞ࡻࡽຝ⋙
Ⓩ࡞಻ఄᢤᢘᛮࢅྡྷ୕ࡈࡎࡾࡒࡴ࡞ࡢ᳔ ∸మ࠿᭯ࡊ࡙࠷ࡾୖన㒂ࡡᨥᣚງ࡞ᙫ㡢ࢅ
ཀྵ࡯ࡌさᅄࢅ≁ᏽࡊࡐࡡさᅄ࡞㛭౿ࡌࡾᙟ㈻ࢅᨭⰃࡌࡾࡆ࡛࠿ᚪさ࡚࠵ࡾ࡛⩻࠻ࡼ
ࡿࡾᮇ❮࡚ࡢⲙ୓ࡡ␏࡝ࡾ ࠤHP ࡡ࢕ࢾ ဗ⛸ࢅ⏕࠷࡙ୖన㒂ࡡᨥᣚ
ງࢅ఩ୖࡈࡎࡾさᅄࢅฦᯊࡊࡒ

 ᮞᩩཀྵࡦ᪁Ἢ
౩モᮞᩩ
 ᮇ❮࡚ࡢⲙ୓ࡡ㐢࠷࡞ࡻࡽ▯⛡ဗ⛸⣑ HP୯㛣ဗ⛸⣑ HP୩ࡦ
࡞㛏⛡ဗ⛸HP௧୕ࡡ ࢡ࣭ࣜࣈࢅスᏽࡊ྘ࢡ࣭ࣜࣈဗ⛸ࡍࡗ㐽ᏽࡊࡒࡆ
ࡿࡼࡡ ဗ⛸ࡡහゼࡢ㐿ఎᏕよᯊ࡞ࡻࡂ⏕࠷ࡼࡿࡾ᪝ᮇᬍཀྵࡦ࢜ࢦࣚࢪ1LQHW
FO⡷ᅗ࡚⫩ᠺࡈࡿࡒ࣭࢜ࣜࣞࢪ࡛ࡐࡡ 㐿ఎᏄ✲↓ን␏࡞ࡻࡽ༖▰ᛮࢅ♟
ࡌ࣭࢜ࣜࣞࢪ 0LNXHKLFQI+XWVXKFUFᅗ㝷࢕ࢾ◂✪ᡜ࡞࠽࠷࡙⫩ᠺࡈࡿ
ࡒ ဗ⛸5HQJHWFO࡚࠵ࡾ⇍ᖈ఩ᆀࡡℲ⁽Ề⏛⏕࡞⫩ᠺࡈࡿࡒ᭩ิࡡ㧏཭
㔖ဗ⛸࡚࠵ࡾ.7ཀྵࡦ✉࠿ኬࡀࡂฦࡅࡗᩐࡡᑛ࡝࠷3H\SOFQWW^SH.7
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௧㜾 359࡛␆ࡌ᪝ᮇࡡୌ⯙Ⓩဗ⛸࡚࠵ࡾࢤࢨࣃ࢜ࣛ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Fig. 5-1. Pushing resistance values of the whole plant and of the lower part in nine rice cultivars. The 
data represent the means of four or more independent plants in each cultivar. Vertical bars indicate the 
standard errors. The numbers in parentheses indicate the ratio of lodging resistance to sturdiness of the 
lower part (%). ***, *; significant at P = 0.001 and 0.05, respectively. 
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Table 5-1. Correlations between the ratio of lodging resistance to the 
sturdiness of the lower part (RLS) and morphological or componential 
traits 
Traits Correlation with RLS 
Heading date 0.460 
Traits in upper part of plant  
Plant length 0.274 
Length from the ground to the ear 0.054 
DPE        0.907*** 
Weight of upper parts 0.169 
Weight of upper parts per stem 0.573 
Moment of weight of upper parts 0.218 
Moment of weight of upper parts per 
stem 0.533 
Ear weight per plant  0.132 
Ear weight per stem  0.540 
Moment of ear weight  0.132 
Morphological traits  
Crown width  0.047 
Stem number -0.039 
Stem diameter   0.663 
Weight of lower stem     0.726* 
Density of lower stem -0.358 
Chemical components of lower stem  
Silicon -0.293 
Starch -0.395 
Sucrose -0.050 
Hexoses -0.215 
DPE : Difference between plant length and length from the ground to 
the ear. ***, *; Significant at P = 0.001 and 0.05, respectively. 


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Table 5-2. Correlations of ear weight per plant with heading date, 
traits in upper part, morphological traits and components in lower stem 
Traits Correlation with ear weight 
Heading date  -0.161 
Traits in upper part of plant  
Plant length   0.156 
Length from the ground to the ear   0.103 
DPE   0.228 
Stem and leaf weight       0.883** 
Morphological traits  
Crown width     0.726* 
Stem number     0.709* 
Stem diameter   0.128 
Weight of lower stem  -0.141 
Density of lower stem  -0.204 
Chemical components of lower stem  
Silicon  0.387 
Starch -0.459 
Sucrose      -0.839** 
Hexoses -0.529 
**, *; Significant at P = 0.01 and 0.05, respectively. 
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ᣞᵾ࡛ࡊ࡙⏕࠷ࡒ᳔ ∸మධమࡡᢪࡊ಻ࡊᢤᢘࡢୖన㒂ࡡᢪࡊ಻ࡊᢤᢘࡻࡽ఩࠷ೋࢅ
♟ࡊ᪝ᮇᬍ࣭࢜ࣜࣞࢪཀྵࡦ▰⬦༞ᚠ࡚ࡢୖన㒂ࡡᢪࡊ಻ࡊᢤᢘࡡ⣑༖ฦ࡚࠵
ࡖࡒୌ᪁359ཀྵࡦ࢜ࢦࣚࢪ࡚ࡢ୦ᕣࡡᕣࡢᑚࡈࡂ᳔∸మධమࡡᢪࡊ಻ࡊᢤᢘ
࠿ୖన㒂ࡡᢪࡊ಻ࡊᢤᢘࡡ ௧୕ࡡೋࢅ♟ࡊࡒࡱࡒⲙ୓࡛ 718࡛ࡡ㛣࡞ࡢ┞㛭
㛭౿࠿ヾࡴࡼࡿ࡝࠾ࡖࡒ+LJ9FGOHࡆࡿࡼࡡ⤎ᯕ࠾ࡼୖన㒂ࡡᨥᣚ
ງࡡ఩ୖࡢⲙ୓௧አࡡᙟ㈻࡞ࡻࡖ࡙ᘤࡀ㉫ࡆࡈࡿ࡙࠷ࡾ࡛⩻࠻ࡼࡿࡾ
 ᮇ❮࡚ࡢ718ࡡ఩ୖ࡞㛭୙ࡊ࡙࠷ࡾ࡛⩻࠻ࡼࡿࡾᙟឺᏕⓏさᅄࢅㄢᰕࡊࡒ᳔
∸మ୕న㒂࡞࠽࠷࡙ࡢ㔔㔖ཀྵࡦ㧏ࡈ࡞㛭ࢂࡾᙟ㈻ࡢ 718࡞ㇿࡡᙫ㡢ࢅཀྵ࡯ࡈ࡝࠾
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ࡖࡒ࠿)5*ࡡࡲ࠿ 718࡛ḿࡡ┞㛭ࢅ♟ࡊࡒ9FGOHᑈᓞࡼࡢ಻ఄᢤ
ᢘᛮ࡞ᑊࡌࡾ㈁⊡ᗐࡢᢪࡊ಻ࡊᢤᢘࡡ᪁࠿᳔∸మ୕న㒂ࡡ࣓࣭࣒ࣤࢹࡻࡽࡵ㧏࠷ࡆ
࡛ࢅሒ࿈ࡊ࡙࠷ࡾࡆࡿࡼࡡ⤎ᯕ࠾ࡼ୕న㒂ࡡ㧏ࡈࡷ㔔ࡈ࡞㛭㏻ࡌࡾさᅄࡢୖన
㒂ࡡᨥᣚງࡡ఩ୖ࡞㛭୙ࡊ࡙࠷࡝࠷࡛⩻࠻ࡼࡿࡾ718࡛ࡡ┞㛭㛭౿࠾ࡼ)5*࠿ୖ
న㒂ࡡᨥᣚງ఩ୖ࡞ᙁࡂ㛭୙ࡊ࡙࠷ࡾ࡛⩻࠻ࡼࡿࡒ)5*ࡢᆀ㝷࠾ࡼḾⴝⴝ㌗ࡡ඙❻
ࡱ࡚ࡡ㛏ࡈ࡛ᆀ㝷࠾ࡼ✉඙ࡱ࡚ࡡ㛏ࡈࡡᕣࢅ♟ࡊ࡙࠷ࡾ✉㛏ཀྵࡦḾⴝⴝ㌗ࡡ㛏ࡈ
ࢅ▯ࡂࡌࡾࡆ࡛ࡢ཭㔖ཀྵࡦකྙᠺ⬗ງࢅ఩ୖࡈࡎࡾࡐࡡࡒࡴ)5*ࢅ▯ࡂࡌࡾ
࡞ࡢḾⴝⴝ㌗࡛Ḿⴝⴝ㠟ࡡ᥃ྙ㒂࠾ࡼ✉㤫⟿ࡱ࡚ࡡ㛏ࡈ1HQJWKIURPWKHGFVHRI
IOFJOHFIGOFIHWRWKHQHHNQRIHRISFQLHOH௧ୖ 1+3࡛␆ࡌࢅ▯ࡂࡌࡾࡆ࡛
࠿㐲ࡊ࡙࠷ࡾ࡛⩻࠻ࡼࡿࡾࡆࡿࡼࡡࡆ࡛࠾ࡼ1+3ࢅ▯ࡂࡌࡾࡆ࡛࡚ )5*ࢅኬࡀࡂ
ࡊୖన㒂ࡡᨥᣚງ఩ୖࢅ㑂ࡄࡾࡆ࡛࠿࡚ࡀࡾ࡛᥆ῼࡈࡿࡾ 
 ᮇ❮࡚ࡢୖన㒂ࡡᨥᣚງ࡞㛭୙ࡌࡾ୕న㒂௧አࡡᙟ㈻࡞ࡗ࠷࡙ࡵㄢᰕࡊࡒࡐ
ࡡ⤎ᯕୖన㒂ⱴࡡ㔔㔖ࡡࡲ࠿ 718࡛᭯ណ࡝┞㛭ࢅ♟ࡊࡒ9FGOHⱴࡡ㔔㔖ࡢ
ᅜሔ࡞࠽ࡄࡾ಻ఄ⛤ᗐ࡛ㇿࡡ┞㛭ࢅ♟ࡊࢤ࣑࢟࡞࠽࠷࡙ࡢⱴࡡ᭜ࡅᙁᗐ࡛ḿࡡ┞㛭
ࢅ♟ࡌࡆ࡛࠿ሒ࿈ࡈࡿ࡙࠷ࡾ&WNLQV ?XGHUHWFOᚉࡖ࡙ୖన
㒂ⱴࡡ㔔㔖ࡡቌຊࡢⱴࡡ๙ᛮཀྵࡦᙁᗐࢅቌຊࡈࡎ୕న㒂ࡡୖన㒂ࡡᨥᣚງ࡞ᑊࡌ
ࡾㇿࡡᙫ㡢ࢅ㍇΅ࡌࡾ࡛⩻࠻ࡼࡿࡾ
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 ࢢ࢕⣪ࡡྱ㔖ࡡቌຊࡷⱴ࡫ࡡ⅛Ề໩∸ࡡ⵫✒ࡢ಻ఄᢤᢘᛮࢅቌຊࡈࡎࡾ.IULV
HWFO ఫ⸠ 㧏ᒁ࣬ᐋᆊ >FQJHWFOࡊ࠾ࡊୖన㒂
ⱴࡡࡆࡿࡼࡡᠺฦྱ㔖࡛ 718࡛ࡡ㛣࡞┞㛭㛭౿ࡢヾࡴࡼࡿ࡝࠾ࡖࡒ9FGOHࡻ
ࡖ࡙ⱴࡡࢢ࢕⣪ཀྵࡦ⅛Ề໩∸ࡡྱ㔖ࡢ಻ఄᢤᢘᛮࡡྡྷ୕࡞㛭୙ࡌࡾ࠿ୖన㒂ࡡ
ᨥᣚງࡡ఩ୖ࡞ࡢ㛭୙ࡊ࡝࠷࡛⩻࠻ࡼࡿࡾ
 ಻ఄᢤᢘᛮࡡྡྷ୕ࡢ಻ఄ࡞ࡻࡾ཭㔖఩ୖࢅ㜭ࡃࡆ࡛ࢅ┘Ⓩ࡛ࡊ࡙࠷ࡾࡆࡡࡆ࡛
࠾ࡼ಻ఄᢤᢘᛮࡡ⫩⛸ࡡࢰ࣭ࢣࢴࢹ࠿཭㔖ࢅ఩ୖࡈࡎࡾᙟ㈻࡚࠵ࡖ࡙ࡢ࡝ࡼ࡝࠷
ᮇ❮࡚ࡢ཭㔖࡛಻ఄᢤᢘᛮࢅᕞྎࡌࡾさᅄ࡛ࡡ㛭㏻ᛮࢅㄢ࡬ࡒࡐࡡ⤎ᯕ ᰬ✉㔔
ࡢ୕న㒂ࡡⱴཀྵࡦⴝ㌗ࡡ㔔㔖ᰬᖕཀྵࡦฦࡅࡗᩐ࡛᭯ណ࡝┞㛭ࢅ♟ࡊࡒ9FGOH
㧏཭㔖⣌⤣ࡢ఩཭㔖⣌⤣ࡻࡽࡵᆀ୕㒂ࡡࣁ࢕࢛࣏ࢪ࠿ኬࡀ࠷ࡆ࡛࠿ሒ࿈ࡈࡿ࡙
࠷ࡾ'RUUHOOHWFO IHO'OFQHRHWFO )RQPH_HWFOࡱ
ࡒฦࡅࡗᩐࡢ✉ᩐ࡞├᥃Ⓩ࡞ᙫ㡢ࡌࡾᰬᖕࡢฦࡅࡗᩐⱴᙼཀྵࡦⱴ㛣ࡡ㊝㞫࡞ࡻ
ࡖ࡙Ửᏽࡈࡿࡾᚉࡖ࡙≁࡞ᆀ୕㒂ࡡࣁ࢕࢛࣏ࢪཀྵࡦฦࡅࡗᩐࡡ΅ᑛࡢ཭㔖ࡡ΅
ᑛࢅᘤࡀ㉫ࡆࡌྊ⬗ᛮ࠿㧏࠷ ᰬ࠵ࡒࡽࡡ✉㔔࡛┞㛭ࢅ♟ࡊࡒࡆࡿࡼさᅄ࡛ 718࡛
ࡡ㛣࡞ࡢ᭯ណ࡝┞㛭㛭౿ࡢヾࡴࡼࡿ࡝࠾ࡖࡒ9FGOHࡈࡼ࡞718࡛┞㛭ࢅ♟
ࡊࡒ )5*ཀྵࡦୖన㒂ⱴࡡ㔔㔖࡛ ᰬ࠵ࡒࡽࡡ✉㔔࡛ࡡ㛣࡞ࡵ᭯ណ࡝┞㛭㛭౿ࡢヾࡴ
ࡼࡿ࡝࠾ࡖࡒ9FGOH9FGOHࡆࡿࡼࡡࡆ࡛࠾ࡼ಻ఄᢤᢘᛮࢅྡྷ୕ࡈࡎ
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ࡾࡆ࡛ࢅ┘Ⓩ࡛ࡊࡒ⫩⛸ࢅ⾔࠹୕࡚)5*ࡵࡊࡂࡢୖన㒂ⱴࡡ㔔㔖ࢅࢰ࣭ࢣࢴࢹ࡛ࡊ
࡙ࡵ཭㔖࡞ㇿࡡᙫ㡢ࢅ୙࠻࡝࠷࡛࠷࠹Ⅴ࠾ࡼࡲ࡙᭯ຝ࡛⩻࠻ࡼࡿࡾ
 Ᏸ⇅᭿࡞ୖన㒂ࡡⱴ࡞ྱࡱࡿࡾ⅛Ề໩∸ࡡ࠹ࡔࢨࣘ⢶ྱ㔖ࡢ ᰬ࠵ࡒࡽࡡ✉㔔
࡛㧏࠷ㇿࡡ┞㛭ࢅ♟ࡊࡒ9FGOH࢕ࢾࡡⱴ࡞࠽ࡄࡾ⅛Ề໩∸ࡡ୹࡝㈋ⶮᆵࡢࢸ
ࣤࣈ࡚ࣤ࠵ࡾࢸࣤࣈࣤࡢࢡࣜࢤ࣭ࢪ࡞ฦよࡈࡿⱴ࠾ࡼ✉࡫ࡡ්㌹Ὦ࠿㉫ࡀࡾ㝷࡞
ࢡࣜࢤ࣭ࢪ࠾ࡼࢨࣘ⢶࠿ྙᠺࡈࡿࡾྙ ᠺࡈࡿࡒࢨࣘ⢶࠿ຝ⋙Ⓩ࡞✉࡫්㌹Ὦࡈࡿ࡝
࠷࡛ⱴ࡞ṟᏋࡊⓇ⇅Ṅྙཀྵࡦ཭㔖ࡡ΅ᑛࢅᘤࡀ㉫ࡆࡌ࡛⩻࠻ࡼࡿࡾ➠ ❮ཀྵ
ࡦ➠ ❮࡞࠽࠷࡙ୖన㒂ࡡᢪࡊ಻ࡊᢤᢘ࡞㛭୙ࡌࡾ㐿ఎᏄᗑ࡚࠵ࡾ SUOࢅ᭯ࡌࡾ
⣌⤣࡚ࡢⓇ⇅ᚃ࡞ⱴ୯ࢨࣘ⢶ྱ㔖࠿ቌຊࡌࡾ࡞ࡵ㛭ࢂࡼࡍ཭㔖ࡢ఩ୖࡊ࡝࠾ࡖࡒ
+LJ9FGOHᚉࡖ࡙ᮇ❮࡚♟ࡊࡒୖన㒂ࡡⱴ࡞ྱࡱࡿࡾࢨ
ࣘ⢶ྱ㔖࡛ ᰬ࠵ࡒࡽࡡ✉㔔࡛ࡡ㛣࡞ㇿࡡ┞㛭㛭౿࠿ࡲࡼࡿࡒࡡࡢⓇ⇅ᚃࡡ්⵫✒
ࡻࡽࡵฝ✉๑ࡵࡊࡂࡢⓇ⇅୯࡞⵫✒ࡊࡒ⅛Ề໩∸ࡡ්㌹Ὦ࠿㛭౿ࡊ࡙࠷ࡾࡵࡡ࡛᥆
ῼࡈࡿࡾ
 +LJ ࡞ࡆࡿࡱ࡚ሒ࿈ࡈࡿࡒ಻ఄᢤᢘᛮࢅྡྷ୕ࡈࡎࡾモࡲ࡛ᮇ◂✪ࡡ⤎ᯕࢅ
ᇱ࡞಻ఄᢤᢘᛮࡡྡྷ୕ࡡࡒࡴࡡ࣓ࢸࣜࢅ♟ࡊࡒᚉᮮࡡ࢕ࢾ⫩⛸࡞࠽࠷࡙ࡢ಻ఄ
ᢤᢘᛮࡡྡྷ୕ࡢⲙ୓ࢅୖࡅࡾࡆ࡛࡞ࡻࡖ࡙㐡ᠺࡈࡿ࡙ࡀࡒ+LJ&ⲙ୓ࡡ఩ୖ
ࡢ᳔∸మࡡ㔔ᚨࢅୖࡅᙁ㢴ࡷ㞭࡞ࡻࡾᙫ㡢ࢅ఩ୖࡈࡎࡾࡊ࠾ࡊⲙ୓࠿఩࠷ࡆ࡛
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ࡢࡳࡊࢀ཭㔖࡞ᝇᙫ㡢ࢅཀྵ࡯ࡌሔྙ࠿࠵ࡽ+OLQWKFPHWFO಻ఄᢤᢘᛮࢅ
ࡈࡼ࡞ྡྷࡈࡎࡾࡒࡴ࡞ࡢⲙ୓௧አࡡ⫩⛸ࢰ࣭ࢣࢴࢹࢅぜࡗࡄࡾᚪさ࠿࠵ࡾ༖▰ᛮ⣌
⤣࡚࠵ࡖ࡙ࡵୖన㒂ࡡᨥᣚງࡡ఩࠷ဗ⛸ࡢᅜሔ࡞࠽࠷࡙ᐖ᪾࡞಻ఄࡌࡾࡆ࡛࠾ࡼ
ᑈᓞࡼ᳔∸మୖన㒂ࡡᨥᣚງ࠿Ⰳ࠷ࢰ࣭ࢣࢴࢹ࡞࡝ࡽ࠹ࡾ࡛⩻࠻ࡼࡿࡾ
ᨥᣚງቌຊࡡࡒࡴ࡞ࡢ᳔∸మୖన㒂࡞࠽ࡄࡾⱴࡡᙟឺᏕⓏᙟ㈻໩Ꮥᠺฦཀྵࡦᅰ
ቫ୯ࡡ᰷ࡡᙟឺࡡᨭⰃ࠿ᚪさ࡚࠵ࡾ࡛ᛦࢂࡿࡾୖ న㒂ࡡᢪࡊ಻ࡊᢤᢘ࡞㛭୙ࡌࡾ㔖
Ⓩᙟ㈻㐿ఎᏄᗑ࡚࠵ࡾ SUOࡢୖన㒂ࡡᨥᣚງࢅቌຊࡈࡎࡾࡆ࡛࡚಻ఄᢤᢘᛮࢅྡྷ
୕ࡈࡎࡒ+LJ'ࡊࡒ࠿ࡖ࡙ SUOࢅ⌟௥ဗ⛸࡫ᑙථࡌࡾࡆ࡛࡞ࡻࡖ࡙಻ఄᢤ
ᢘᛮࢅྡྷ୕ࡈࡎࡾࡆ࡛࠿᭿ᙽࡈࡿࡾࡈࡼ࡞ᑈᓞࡼࡢ㧏࠷಻ఄᢤᢘᛮࡡࡒ
ࡴ࡞ࡢ᰷㔖ཀྵࡦᅰቫ῕ᒒ࡞࠽ࡄࡾ᰷ࡡฦᕱ࠿㔔さ࡚࠵ࡾࡆ࡛ࢅ♟ြࡊ࡙࠷ࡾ᰷
ࡡᙟឺ࡞㛭ࡌࡾ㐿ఎᏕⓏ◂✪ࡢୖన㒂ࡡᨥᣚງࢅྡྷ୕ࡈࡎࡾࡒࡴ࡞㔔さ࡚࠵ࡽ᰷ ࡡ
ᙟឺ࡞㛭୙ࡌࡾ㐿ఎᏄᗑࡡྜྷᏽࡢ಻ఄᢤᢘᛮࢅ┘ᣞࡊࡒ⫩⛸ࡡ㐅ᒈ࡞ኬࡀࡂ㈁⊡ࡌ
ࡾ࡛⩻࠻ࡼࡿࡾ
 ᮇ❮࡞࠽࠷࡙ࡢୖన㒂ᨥᣚງࢅ఩ୖࡈࡎࡾཋᅄࢅ᳠ゞࡊࡒࡐࡡ⤎ᯕ)5*୩
ࡦ࡞ⱴ㔔㔖ࡢ718࡛㧏࠷ḿࡡ┞㛭ࢅ♟ࡊࡒ9FGOH཭㔖ཀྵࡦකྙᠺ⬗ງࢅ
఩ୖࡈࡎࡾࡆ࡛࡝ࡂ )5*ࢅቌຊࡈࡎࡾ࡞ࡢ 1+3ࢅ▯ᑚ໩ࡌࡾࡆ࡛࠿㐲ࡊ࡙࠷ࡾ࡛⩻࠻
ࡼࡿࡾ1+3ࡡ΅ᑛ࡛ୖన㒂ⱴ㔔ࡡቌຊࡢୖన㒂ᨥᣚງࡡ఩ୖࢅᢒ࠻ࡾࡆ࡛࠿࡚ࡀ
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Fig. 5-2.  Improvement of the lodging resistance of rice plants. (A) A semi-dwarf cultivar resulting 
from the presence of sd-1, with higher lodging resistance. (B) A cultivar with improved pushing 
resistance of the lower part as a result of the presence of prl5 quantitative locus. (C) Decreased loss of 
sturdiness of the lower part with respect to the characteristics of the upper part of the plant. (D) New 
generation with excellent lodging resistance. 
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ࡾ࡛⩻࠻ࡼࡿࡾ+LJ(಻ఄࡢୖన㒂ࡡᨥᣚງ࡛୕న㒂ࡡ㔔ࡈࡡ୘Ꮽᏽ࡝ࣁࣚ
ࣤࢪ࡞ࡻࡽᘤࡀ㉫ࡆࡈࡿࡾ2XOIHUࡆࡡࡆ࡛࠾ࡼⲙ୓ࡡ఩ୖࡢ㔔ᚨࢅୖ
ࡅࡾຝᯕ࠿࠵ࡽୖ న㒂ࡡᢪࡊ಻ࡊᢤᢘࡡቌຊ࡛ 1+3ࡡ΅ᑛཀྵࡦୖన㒂ⱴࡡ㔔㔖ࡡቌ
ຊࡢୖన㒂ࡡᨥᣚງࢅᨭၻ࡚ࡀࡾ࡛⩻࠻ࡼࡿࡾࡆࡿࡼࡌ࡬࡙ࢅᨭၻࡊࡒဗ⛸ࡢඁ
ࡿࡒ಻ఄᢤᢘᛮࢅ♟ࡌ࡛⩻࠻ࡼࡿࡾ+LJ)
 ᭩ᚃ࡞ᮇ❮ࡡ⤎ᯕ࠾ࡼ୕న㒂࡞ࡻࡾୖన㒂ࡡᨥᣚງࡡ఩ୖ࡞ࡢ)5*ཀྵࡦୖన
㒂ⱴࡡ㔔ࡈ࠿㛭౿ࡊ࡙࠷ࡾ࡛⩻࠻ࡼࡿࡾࡱࡒࡆࡡ ࡗࡡᙟ㈻ࡡᨭንࡢ཭㔖࡫ࡡᙫ
㡢࠿ᑛ࡝࠷ࡌ࡝ࢂࡔࡆࡿࡼᙟ㈻ࡡᨭⰃ࡚཭㔖࡞ㇿࡡᙫ㡢ࢅ୙࠻ࡾࡆ࡛↋ࡂୖన
㒂ࡡᨥᣚງࡡ఩ୖࢅᢒโࡊ࡙಻ఄᢤᢘᛮ࡫㈁⊡࡚ࡀࡾ࡛᥆ῼࡈࡿࡾᚉࡖ࡙࢕ࢾࡡ
⫩⛸࡞࠽࠷࡙ SUOࡡᑙථ࡞ࡻࡾୖన㒂ࡡᨥᣚງࡡቌຊ࡛ )5*ཀྵࡦୖన㒂ⱴ㔔㔖ࡡቌ
ຊ࡞ࡻࡾ 718ࡡྡྷ୕ࢅྜྷ᫤࡞┘ᣞࡌࡆ࡛ࡢୖ న㒂ࡡᨥᣚງྡྷ୕࡞ࡻࡾ಻ఄᢤᢘᛮࢅ
ࡡ㧏࠷ဗ⛸ࢅషฝࡌࡾࡒࡴ࡞᭯ຝ࡚࠵ࡾ࡛⩻࠻ࡼࡿࡾ
  
 ᦤさ
 ᮇ❮࡚ࡢ࢕ࢾࡡ᳔∸మ୕న㒂࡞ࡻࡾୖన㒂ࡡᨥᣚງࡡ఩ୖࡡさᅄࢅฦᯊࡌࡾࡒ
ࡴ718࡛┞㛭ࢅ♟ࡌᙟ㈻ࢅㄢᰕࡊࡒᚋࡼࡿࡒ⤎ᯕࡢ௧ୖࡡ㏳ࡽ࡚࠵ࡾ 
 ᳔∸మධమ࡞࠽ࡄࡾᢪࡊ಻ࡊᢤᢘೋ࡛ୖన㒂ࡡᢪࡊ಻ࡊᢤᢘೋࡡᕣࡢဗ⛸࡞ࡻ
ࡖ࡙␏࡝ࡖ࡙࠷ࡒ
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 ᳔∸మධమ࡞࠽ࡄࡾ಻ఄᢤᢘງࡡୖన㒂ࡡᨥᣚງ࡞ᑊࡌࡾẒ718࡞ᑊࡌࡾⲙ୓
ࡡᙫ㡢ࡢヾࡴࡼࡿ࡝࠾ࡖࡒ
 ୕న㒂ࡡᙟ㈻࡚ࡢⲙ୓࡛ᆀ㝷࠾ࡼ✉඙ࡱ࡚ࡡᕣ)5*࡛ 718࡛ࡡ㛣࡞᭯ណ࡝ḿ
ࡡ┞㛭㛭౿࠿ヾࡴࡼࡿࡒ
 ୖన㒂ⱴࡡ㔔㔖࡛ 718࡛ࡡ㛣࡞᭯ណ࡝ḿࡡ┞㛭㛭౿࠿ヾࡴࡼࡿࡒ
 718)5*ཀྵࡦୖన㒂ⱴࡡ㔔㔖࡛✉㔔࡛ࡡ㛣࡞ࡢ᭯ណ࡝┞㛭㛭౿࠿࡝࠾ࡖࡒ
Ở
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➠  ❮ ⥪ྙ⩻ᐳ
 ᮇ◂✪ࡢ࢕ࢾࡡ಻ఄᢤᢘᛮྡྷ୕ࢅ┘Ⓩ࡞ⱴୖన㒂ࡡᨥᣚງ࡞╌┘ࡊ࡙よᯊࢅ⾔
ࡖࡒࡆࡿࡱ࡚ࡡ಻ఄᢤᢘᛮࡡ⫩⛸ࡢⲙ୓ࡡ఩ୖࢅ୹࡝ࢰ࣭ࢣࢴࢹ࡞⾔ࢂࡿ࡙ࡀࡒ
ᐁ㝷༖▰ᛮཀྵࡦ▰ᛮ㐿ఎᏄࡡฺ⏕ࡢⲙ୓ࡡ఩ୖ࡞ኬࡀࡂ㈁⊡ࡊ಻ఄࢅ㍇΅ࡈ
ࡎࡒࡊ࠾ࡊ಻ఄᢤᢘᛮࢅỬᏽࡌࡾさᅄࡢⲙ୓ࡓࡄ࡚ࡢ࡝࠷ࡱࡒ཭㔖ࡡふⅤ࠾
ࡼࡲࡾ࡛ᴗ❻࡝ⲙ୓ࡡ఩ୖࡢ཭㔖ࡡ఩ୖࢅᘤࡀ㉫ࡆࡌ+OLQWKFPHWFO಻
ఄࡢ୕న㒂ࡡ㔔ࡈ࡛ୖన㒂ࡡᨥᣚງࡡࣁࣚࣤࢪࡡᝇ໩࡞ࡻࡽᘤࡀ㉫ࡆࡈࡿࡾ2XOIHU
ᮇ◂✪࡚ࡢୖన㒂ࡡᨥᣚງࡡቌຊ࠿಻ఄᢤᢘᛮࡡ⫩⛸࡞࠽ࡄࡾ᩺ࡊ࠷ࢰ࣭
ࢣࢴࢹ࡞ᠺࡽᚋࡾ࠾ࢅ᳠ッࡌࡾࡒࡴୖన㒂ࡡᨥᣚງ࡞㛭୙ࡌࡾ㐿ఎᏄᗑࢅྜྷᏽࡊ
ࡐࡡష⏕࡛࣒࢜ࢼࢫ࣑ࢅよᯊࡊࡒࡈࡼ࡞ୖ న㒂ࡡᨥᣚງ࡞ᙫ㡢ࢅཀྵ࡯ࡌさᅄࢅ≁
ᏽࡊୖ న㒂ࡡᨥᣚງࡡቌຊࢅຝᯕⓏ࡞಻ఄᢤᢘᛮ࡞㈁⊡ࡈࡎࡾࡒࡴࡡ⫩⛸ࢰ࣭ࢣࢴ
ࢹࢅぜ࠷ฝࡊࡒ
 ➠ ❮࡚ࡢ᪝ᮇᬍ࡛࢜ࢦࣚࢪࡡᡘࡊஹ㞟⮤Ṣ⣌⤣'.1ࢅ⏕࠷࡙ 691 よᯊࢅ⾔
࠷ୖ న㒂ࡡᢪࡊ಻ࡊᢤᢘ࡞㛭୙ࡌࡾ 691ࢅ ࡗぜ࠷ฝࡊࡒ+LJ9FGOH
ࡆࡿࡼࡡ࡮࡛ࢆ࡜ࡢ᪝ᮇᬍ⏜ᮮࡡ㐿ఎᏄᗑ࡚࠵ࡖࡒ࠿➠ ᯹ⰅమࡡSUOࡢ࢜ࢦࣚ
ࢪ⏜ᮮࡡ㐿ఎᏄᗑ࡚࠵ࡖࡒࡱࡒࡆࡡ SUO ࡢⲙ୓➴ࡡᙟឺ࡞㛭୙ࡌࡾᙟ㈻ཀྵࡦ
✉ᥖ࠷᭿㛣ࢅ㛏ࡂࡌࡾ 691࡛㔔々ࡊ࡙࠷࡝࠾ࡖࡒ+LJ9FGOHSUOࡡᑊ
 85 
ᩐ࢛ࢴࢫẒ14)᭜⥲ࡢྋ㢴࡞ࡻࡾ಻ఄ࡫ࡡᢤᢘᛮࡡ 14) ᭜⥲࡛ྜྷࡋన⨠࡞ࣅ࣭
ࢠࢅᣚࡔ୦ 691ࡡన⨠ࡢྜྷࡋన⨠࡚࠵ࡖࡒ+LJࡆࡿࡼࡡ⤎ᯕࡢSUO࠿
ⲙᆵ࡞㛭୙ࡌࡾ௙ࡡᙟ㈻࡞ᙫ㡢ࢅཀྵ࡯ࡌࡆ࡛↋ࡂ಻ఄᢤᢘᛮࢅ㧏ࡴࡾࡆ࡛ࢅ♟ြࡊ
࡙࠷ࡾ࡛⩻࠻ࡼࡿࡒ
 SUO ࢅᣚࡗྜྷ㈻㐿ఎᏄ⣌⤣3.1࡞࠽ࡄࡾୖన㒂ࡡᢪࡊ಻ࡊᢤᢘࡷ಻ఄᢤᢘᛮ
ࡢ᪝ᮇᬍࡻࡽࡵ᭯ណ࡞㧏ࡂ࡝ࡖ࡙࠷ࡒࡆ࡛࠾ࡼ+LJSUOࡡຝᯕࡢୖన㒂ࡡ
ᨥᣚງࢅቌຊࡈࡎ಻ఄᢤᢘᛮࢅྡྷ୕ࡈࡎ࡙࠷ࡾ࡛⩻࠻ࡼࡿࡒ಻ఄᢤᢘᛮࡢ᳔ ∸మ
୕న㒂ࡡ㔔ࡈ࡛ୖన㒂ࡡᨥᣚງ࡞ࡻࡖ࡙Ửᏽࡌࡾ2XOIHUᮇ◂✪࡚ࡢSUO
࠿୕న㒂ࡡ㔔ࡈ࡞㛭୙ࡊ࡙࠷ࡾ࠾࡜࠹࠾ࢅㄢᰕࡊࡒᮇ◂✪࡚㐽ᢜࡊࡒ SUOࢅᣚࡗ
⣌⤣ࡡ 3.1 ࡢ᪝ᮇᬍࡻࡽࡵⲙ୓ࡡ᭯ណ࡞㧏࠷⣌⤣࡛఩࠷⣌⤣࠿࠵ࡖࡒࡆ࡛࠾ࡼ
9FGOHSUOࡢⲙ୓࡞ࡢ㛭୙ࡊ࡝࠷ࡵࡡ࡛᥆ῼࡈࡿࡒ᪝ᮇᬍ࡛ 3.1ࡡ཭㔖ཀྵ
ࡦฦࡅࡗᩐ࡞ࡢ᭯ណ࡝ᕣ࠿↋࠾ࡖࡒࡆ࡛࠾ࡼ3.1ࡡ ᰬ࠵ࡒࡽࡡ✉㔔ࡢ఩ୖࡊ࡙࠷
࡝࠷࡛⩻࠻ࡼࡿࡒ9FGOHࡈࡼ࡞3.1ࡡ᳔∸మ୕న㒂ࡡ㔔ࡈࡵ᪝ᮇᬍ࡛ࡡ
㛣࡞ኬࡀ࡝ᕣࡢࡲࡼࡿ࡝࠾ࡖࡒ9FGOHࡻࡖ࡙SUOࡢ᳔∸మ୕న㒂ࡡ㔔ࡈࢅ
఩ୖࡈࡎࡍ࡞ୖ న㒂ࡡᨥᣚງࢅᙁ໩ࡈࡎࡾࡆ࡛࡞ࡻࡖ࡙಻ఄࢅྡྷ୕ࡈࡎࡒ࡛⩻࠻ࡼ
ࡿࡒ
࢕ࢾ࡚ࡢ಻ఄᢤᢘᛮ࡛ᅰቫࡡ῕ᒒ࡞ྱࡱࡿࡾ᰷㔖ࡡ㛣࡞ࡢḿࡡ┞㛭࠿࠵ࡾᑈ
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ᓞࡼࡊ࠾ࡊSUOࢅ᭯ࡌࡾ 3.1ࡡᅰቫ῕ᒒ࡞ྱࡱࡿࡾ᰷㔖ࡢ᪝ᮇᬍ࡛ྜྷ⛤
ᗐ࡚࠵ࡽ9FGOHSUO࡞ࡻࡾ಻ఄᢤᢘᛮࡡྡྷ୕ࡢ᰷㔖ࡡቌຊ࡞ࡻࡾࡵࡡ࡚ࡢ࡝
࠷࡛⩻࠻ࡼࡿࡒࡈࡼ࡞ 3.1ࡡᰬᖕࡢ᪝ᮇᬍࡻࡽࡵኬࡀ࠾ࡖࡒᰬᖕࡢⱴᙼฦࡅ
ࡗᩐཀྵࡦⱴ㛣ࡡ㊝㞫࡞ࡻࡖ࡙Ửᏽࡌࡾ࡛⩻࠻ࡼࡿࡾ3.1ࡡฦࡅࡗᩐ࡞ࡢ᪝ᮇᬍ࡛᭯
ណ࡝ᕣࡢ↋ࡂ ⣌⤣୯ ⣌⤣ࡡⱴᙼࡢ᪝ᮇᬍ࡛᭯ណ࡝ᕣ࠿↋࠾ࡖࡒ9FGOHᚉ
ࡖ࡙3.1࡞࠽ࡄࡾᰬᖕࡡᣉኬࡢⱴ㛣ࡡ㊝㞫ࡡቌຊ࡞ࡻࡖ࡙ᘤࡀ㉫ࡆࡈࡿ࡙࠷ࡾ࡛⩻
࠻ࡼࡿࡒࡆࡿࡼࡡ⤎ᯕࡢSUO࠿ⱴ㛣ࡡ㊝㞫ࡡቌຊ࡞ࡻࡽᰬᖕࢅቌຊࡈࡎ࡙࠷ࡾྊ
⬗ᛮࢅ♟ြࡊ࡙࠷ࡾ࠿ᰬ ᖕࡡ᭩ࡵኬࡀ࠷ 3.13.1ࡡୖన㒂ࡡᢪࡊ಻ࡊᢤᢘࡢࡐ
ࡿ࡮࡜ᙁࡂ࡝࠷ࡆ࡛+LJ9FGOHࡱࡒ SUO ࡢᰬᖕ࡞㛭୙ࡌࡾ 691 ࡛㔔
々ࡊ࡙࠷࡝࠷ࡆ࡛࠾ࡼ+LJᰬᖕࡢ SUO࡞ࡻࡾ಻ఄᢤᢘᛮྡྷ୕ࡡ୹࡝さᅄ࡚
ࡢ࡝࠷࡛᥆ῼࡈࡿࡾ
࢕ࢾࡡⱴ࡞⅛Ề໩∸࠿⵫✒ࡌࡾ࡛಻ఄᢤᢘᛮ࠿ྡྷ୕ࡌࡾఫ⸠ 㧏ᒁ࣬
ᐋᆊ >FQJHWFOᏰ⇅᭿࡞࠽࠷࡙ 3.1ࡡⱴ࡞⵫✒ࡈࡿࡒ⅛Ề໩∸ࡢ
᪝ᮇᬍࡻࡽࡵኣࡂ୯࡚ࡵࢸࣤࣈࣤྱ㔖࠿ⴥࡊࡂ㧏࠾ࡖࡒ9FGOHࡆࡿ࠿3.1
ࡡୖన㒂ⱴ࡞࠽ࡄࡾஜ∸㔔ཀྵࡦ⤄⧂ᐠᗐࢅቌຊࡈࡎࡒ࡛⩻࠻ࡼࡿࡒ9FGOH
ࢸࣤࣈࣤ⵫✒㔖ࡡ㧏࠷ⱴࡢ᭜ࡅᙁᗐ࠿㧏࠷ࡆ࡛࠿ሒ࿈ࡈࡿ࡙࠷ࡾ9FNFKFVKL 
ᮿᓧࡼSUOࢅᣚࡗ 3.1ࡡ಻ఄᢤᢘᛮ࠿㧏࠷ࡡࡢୖన㒂ⱴ࡞⅛Ề໩∸࠿⵫
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✒ࡊ᭜ࡅᙁᗐ࠿ᙁ໩ࡈࡿࡒࡆ࡛࡞ࡻࡾ࡛⩻࠻ࡼࡿࡒ
⣵⬂ባ୯ࡡࢢ࢕⣪ࡢ࢕ࢾࡡⱴ࡞࠽ࡄࡾ∸⌦Ⓩᙁᗐ࡞㛭౿ࡊ࡙࠷ࡾ࡛⩻࠻ࡼࡿ࡙
࠷ࡾ9FNFKFVKLࡊ࠾ࡊ࡝࠿ࡼ3.1ࡡୖన㒂ⱴ࡞࠽ࡄࡾࢢ࢕⣪ྱ㔖ࡢ᪝
ᮇᬍࡻࡽࡵ఩࠾ࡖࡒ+LJ9FGOHࡱࡒ 3.1 ࡡࢢ࢕⣪ྱ㔖ࡢㄢᰕࡊࡒ⣌
⤣ࡡ୯࡚᭩ࡵ఩࠾ࡖࡒ࠿ࡐࡡ಻ఄᢤᢘᛮࡢ௙ࡡ 3.1ࡻࡽࡵ㧏࠾ࡖࡒ+LJࡆ
ࡡࡆ࡛࠾ࡼSUO ࡞ࡻࡾ಻ఄᢤᢘᛮࡡྡྷ୕ࡢⱴ୯ࢢ࢕⣪ྱ㔖ࡡቌຊ࡞ࡻࡾࡵࡡ࡚ࡢ
࡝࠷࡛⩻࠻ࡼࡿࡒࡳࡊࢀ3.1࡚ⱴ୯ࢢ࢕⣪ྱ㔖࠿఩ୖ࠾ࡖࡒࡡࡢ⅛Ề໩∸⵫✒
㔖ࡡቌຊ࡞ఔ࠷ୖన㒂ⱴࡡ⤄⧂ᐠᗐ࠿ቌຊࡊࡒࡒࡴ࡛᥆ῼࡈࡿࡾ
➠ ❮ࡡ⤎ᯕ࠾ࡼSUOࡢᏰ⇅᭿࡞࠽ࡄࡾୖన㒂ⱴ࡫ࡡ⅛Ề໩∸ࡡ⵫✒࡞㛭୙ࡊ
࡙಻ఄᢤᢘᛮࡡྡྷ୕࡞㛭୙ࡌࡾࡆ࡛࠿♟ြࡈࡿࡒᏰ⇅᭿࡞⅛Ề໩∸࠿ⱴ࡞⵫✒࣬ṟ
⏻ࡌࡾࡆ࡛ࡢ཭✥ᣞᩐࢅ΅ᑛࡈࡎ(FRHWFO ?KXHWFOⓇ⇅
Ṅྙࢅ఩ୖࡈࡎࡾཋᅄ࡛࡝ࡾ>FQJHWFOࡊ࠾ࡊSUOࢅᣚࡗ 3.1࡚ࡢᏰ
⇅᭿࡞ኣ㔖ࡡ⅛Ề໩∸࠿ⱴ࡞ṟᏋࡊࡒ࠿཭㔖ࡢ఩ୖࡊ࡝࠾ࡖࡒࡆࡡࡆ࡛࠾ࡼ
SUOࡢ⅛Ề໩∸ࡡ⵫✒ཀྵࡦ㌹Ὦ≁ᛮࢅን໩ࡈࡎ࡙࠷ࡾྊ⬗ᛮ࠿♟ြࡈࡿࡒࡐࡆ࡚
➠ ❮୩ࡦ࡞➠ ❮࡞࠽࠷࡙ࡆࡡ⅛Ề໩∸⵫✒࣬㌹Ὦ࡞╌┘ࡊ࡙ SUOࡡᶭ⬗よᯊ
ࢅ⾔ࡖࡒ
 ᮇ◂✪ࡡࢤࣤࢹ࣭࡛ࣞࣜࡊ࡙⏕࠷ࡒ᪝ᮇᬍ࡚ࡢḾⴝⴝ㠟࡛ⴝⴝ㠟ࡡ⅛Ề໩∸
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⵫✒≁ᛮ࠿␏࡝ࡖ࡙࠷ࡒ+LJฝ✉๑ࡡⴝⴝ㠟࡚ࡢḾⴝⴝ㠟ࡻࡽࡵࢸࣤ
ࣈࣤྱ㔖࠿㧏ࡂࢨࣘ⢶ཀྵࡦ༟⢶㢦ࡡྱ㔖ࡢḾⴝⴝ㠟ࡻࡽ఩ࡂฝ✉ᚃࢸࣤࣈࣤ
ྱ㔖ࡢ᛬⃥࡞఩ୖࡊࡒୌ᪁࡚Ḿⴝⴝ㠟࡚ࡢฝ✉๑࡞ࢨࣘ⢶ཀྵࡦ༟⢶㢦ࢅ⵫✒ࡊ
ฝ✉ᚃࡐࡿࡼࡡྱ㔖࠿᛬⃥࡞΅ᑛࡊࡒᚉࡖ࡙᪝ᮇᬍ࡚ࡢฝ✉๑ࡡⴝ㠟࡞⵫✒ࡊࡒ
⅛Ề໩∸࠿Ⓡ⇅࡞ྡྷࡄ࡙᛬⃥࡞΅ᑛࡌࡾࡒࡴฝ✉࠾ࡼⓇ⇅ࡱ࡚ࡡ㛣࡞ⴝ㠟࡫ࡡ⅛Ề
໩∸⵫✒ࡢᑛ࡝࠷࡛⩻࠻ࡼࡿࡾSUOࢅ᭯ࡌࡾ 3.1࡞ࡲࡼࡿࡒᏰ⇅᭿ࡡⱴ୯ࡡ⅛Ề໩
∸ࡡቌຊࡢฝ✉๑࡞⵫✒ࡊࡒ⅛Ề໩∸ࡡ࠹ࡔⓇ⇅࡞ฺ⏕ࡈࡿ࡝࠾ࡖࡒ⅛Ề໩∸ࡡ
㔖࠾ࡵࡊࡂࡢⓇ⇅ᚃ࡞්⵫✒ࡈࡿࡒ⅛Ề໩∸࡚࠵ࡾྊ⬗ᛮ࠿㧏࠷࡛⩻࠻ࡼࡿࡾ
 ࢕ࢾࡡⱴࡢⴝ㠟࡛⛡࡚ᵋᠺࡈࡿ࡙࠷ࡾSUO࡞ࡻࡾᏰ⇅᭿ࡡⱴ୯⅛Ề໩∸ࡡቌ
ຊࡡさᅄࢅㄢᰕࡌࡾࡒࡴฝ✉࠾ࡼᏰ⇅᭿ࡱ࡚ࡡ⛡ཀྵࡦⴝ㠟࡞ྱࡱࡿࡾ⅛Ề໩∸ྱ
㔖ࡡ᥆⛛ࢅ᪝ᮇᬍ࡛ SUOࢅ᭯ࡌࡾ 3.13.1࡚Ẓ㍉ࡊࡒฝ✉ᚃ 㐄㛣┘ࡡ✉㤫⟿
࠾ࡼᆀ㝷ࡱ࡚ࡡ⛡࡞ྱࡱࡿࡾ⅛Ề໩∸ྱ㔖ࡢ୦⩽࡞ᕣࡢ࡝ࡂࢸࣤࣈࣤࡢ࡮࡛ࢆ࡜⵫
✒ࡈࡿ࡙࠷࡝࠾ࡖࡒ+LJ᪝ᮇᬍࡢฝ✉࠾ࡼ ᪝┘ฝ✉ᚃ 㐄㛣┘࡞Ⓡ
⇅࠿Ᏸ஡ࡌࡾࡡ࡚➠ ❮ཤ↯SUOࡢฝ✉࠾ࡼⓇ⇅ࡱ࡚ࡡ㛣ࡡ⛡ࡡ⅛Ề໩∸⵫✒
࡞㛭୙ࡊ࡙࠷࡝࠷࡛⩻࠻ࡼࡿࡾฝ✉ᚃ 㐄㛣┘࡞3.1 ࡢ᪝ᮇᬍࡻࡽኣࡂࡡࢸࣤ
ࣈࣤࢨࣘ⢶ཀྵࡦ༟⢶㢦ࢅ⛡࡞⵫✒ࡊࡒ+LJࡱࡒࡆࡡ᫤ࡡ⛡ࡡ๙ᛮࡢ᪝
ᮇᬍࡻࡽ᭯ណ࡞㧏࠾ࡖࡒ+LJࡆࡿࡼࡡ⤎ᯕ࠾ࡼSUO࡞ࡻࡾᏰ⇅᭿ⱴ୯ࡡ
 89 
⅛Ề໩∸⵫✒㔖ቌຊࡡさᅄࡢⓇ⇅Ᏸ஡࠾ࡼᏰ⇅᭿࡞࠽࠷්࡙⵫✒ࡈࡿࡒ⅛Ề໩∸㔖
ࡡቌຊ࡚࠵ࡾྊ⬗ᛮ࠿㧏࠷࡛⩻࠻ࡼࡿࡒࡈࡼ࡞ࡆࡡ⛡୯ࡡ⅛Ề໩∸⵫✒ቌຊ࠿⛡
ࡡ๙ᛮࢅቌຊࡈࡎ಻ఄᢤᢘᛮࢅ㧏ࡴࡒ࡛᥆ῼࡈࡿࡾ 
 ࢕ࢾࡡⱴ࡚ࡢฝ✉๑࡞⅛Ề໩∸ࢅ⵫✒ࡊฝ✉ᚃ࡞⵫✒ࡊࡒ⅛Ề໩∸ࢅ✉࡫㌹
Ὦࡊࡈࡼ࡞Ⓡ⇅ᚃ࡞ࡢ⅛Ề໩∸ࢅ්⵫✒ࡌࡾ᩟⸠ࡼ >RVKLIF
3.1 ࡡ཭㔖✉㔔ཀྵࡦ⢇ᩐࡢ᪝ᮇᬍ࡛ྜྷ⛤ᗐ࡚࠵ࡖࡒࡆ࡛࠾ࡼ9FGOH
3.1 ࡡ✉࡫㌹Ὦࡈࡿࡒ⅛Ề໩∸ྱ㔖ࡢ᪝ᮇᬍ࡛ྜྷ࡚ࣝ࣊ࣜ࠵ࡖࡒ࡛⩻࠻ࡼࡿࡾࡱ
ࡒ3.1 ࡞࠽ࡄࡾฝ✉᫤ࡡ⛡ཀྵࡦḾⴝⴝ㠟ࡻࡽୖన࡞࠵ࡾⴝ㠟࡞ྱࡱࡿࡾ⅛Ề໩
∸ྱ㔖ࡢ᪝ᮇᬍ࡛ྜྷ⛤ᗐ࡚࠵ࡖࡒ+LJ+LJࡆࡿࡼࡡ⤎ᯕ࠾ࡼฝ
✉ᚃ 㐄㛣┘࡞ 3.1 ࡚⅛Ề໩∸⵫✒㔖࠿㧏࠾ࡖࡒࡡࡢⓇ⇅ᚃࡡ⅛Ề໩∸ࡡ්⵫✒
㔖࠿㧏࠾ࡖࡒࡒࡴ࡛⩻࠻ࡼࡿࡾⓇ⇅ᚃ࡞⵫✒ࡊࡒ⅛Ề໩∸ࡢ✉࡫㌹Ὦࡈࡿ࡝࠷ࡆ࡛
࠾ࡼ3.1 ࡡ⛡୩ࡦ࡞ⴝ㠟࡚ふᐳࡈࡿࡒ㧏࠷⅛Ề໩∸්⵫✒ࡢ཭㔖࡞ᑊࡊ࡙ㇿࡡᙫ
㡢ࢅཀྵ࡯ࡈ࡝࠾ࡖࡒ࡛⩻࠻ࡼࡿࡾ 
 ⅛Ề໩∸⵫✒ཀྵࡦ㌹Ὦ≁ᛮࡡよᯊ࠾ࡼSUO࠿Ⓡ⇅ᚃࡡ⅛Ề໩∸ࡡ්⵫✒ࡡቌ
ኬ࡞㛭୙ࡊ࡙࠷ࡾࡆ࡛࠿♟ࡈࡿࡒࡆࡿࡼࡡࡆ࡛ࡢSUO࠿Ⓡ⇅ᚃ࡞ࢮ࣭ࢪჹᏻⴝ
㌗࠾ࡼࢨࣤࢠჹᏻ⛡ཀྵࡦⴝ㠟࡫ࡡ⅛Ề໩∸ࡡ౩⤝ࢅᣚ⤾ࡈࡎ࡙࠷ࡾྊ⬗ᛮࢅ
♟ြࡊ࡙࠷ࡾⴝ㌗ࡡ⩹໩ࡢࢮ࣭ࢪჹᏻ࡛ࡊ࡙ࡡᶭ⬗ࢅ఩ୖࡈࡎࡾSUOࢅ᭯ࡌࡾ
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3.1 ࡢḾⴝⴝ㌗࠾ࡼⴝ㌗ࡱ࡚ࡡࢠࣞࣞࣆ࢔ࣜྱ㔖ࡡ఩ୖ࠿㐔ࡂฝ✉ᚃ 㐄㛣
┘ࡡࢠࣞࣞࣆ࢔ࣜྱ㔖࠿᪝ᮇᬍ࡞Ẓ࡬㧏࠾ࡖࡒ+LJࡆࡿࡢ3.1 ࡡⴝ㌗ࡡ
⩹໩࠿᪝ᮇᬍࡻࡽ㐔࠷ࡆ࡛ࢅ♟ြࡊ࡙࠷ࡾ ࡱࡒⴝ㌗ࡡ⩹໩᫤࡞΅ᑛࡌࡾࡆ࡛࠿ሒ
࿈ࡈࡿ࡙࠷ࡾࢠࣞࣞࣆ࢔ࣜ FGẒ/HQNLQVFQI<RROKRXVH /HQNLQVHWFO
ࢅẒ㍉ࡊࡒ࡛ࡆࢀ3.1 ࡡ ⴝ㌗࡚ࡢࢠࣞࣞࣆ࢔ࣜ FGẒ࠿ฝ✉ᚃ 㐄㛣┘
ࡱ࡚⥌ᣚࡈࡿࡒ+LJ)+ୌ᪁᪝ᮇᬍࡡⴝ㌗࡞࠽ࡄࡾࢠࣞࣞࣆ࢔ࣜ FG
Ẓࡢฝ✉ᚃ 㐄㛣┘࠾ࡼ఩ୖࡊࡒ+LJ*௧୕ࡡࡻ࠹࡞᪝ᮇᬍ࡛ 3.1 ࡡ
 ⴝ㌗࡞࠽࠷࡙ࡢฝ✉ᚃ 㐄㛣┘௧㜾ࡡ⩹໩ࡡ㐅⾔රྙ࠿ⴥࡊࡂ␏࡝ࡖ࡙࠷ࡒࡆ
ࡿࡼࡡ⤎ᯕ࠾ࡼSUOࡢⴝ㌗ࡡ⩹໩ࡡ㐔ᘇ࡞㛭୙ࡊ࡙࠷ࡾ࡛⩻࠻ࡼࡿࡒ 
 SUOࡢ಻ఄᢤᢘᛮࢅ㧏ࡴࡾ᭯⏕࡝㐿ఎᏄᗑ࡚࠵ࡽ)3&࣏࣭࣭࢜ࢅฺ⏕ࡊࡒဗ⛸
ᨭⰃ࠿᭿ᙽ࡚ࡀࡾࡊ࠾ࡊⲙᆵࡡ␏࡝ࡾဗ⛸࡞࠽࠷࡙SUO࡞ࡻࡾୖన㒂ࡡᨥᣚງ
ࡡቌຊ࠿᪝ᮇᬍ࡛ྜྷᵕ࡞᭯ຝ࡞ష⏕ࡌࡾ࡛ࡢ㝀ࡼ࡝࠷ୖ న㒂ࡡᨥᣚງࡡቌຊࢅຝ⋙
Ⓩ࡞಻ఄᢤᢘᛮ࡞㈁⊡ࡈࡎࡾࡒࡴ࡞ୖ న㒂ࡡᨥᣚງ࡞ㇿࡡᙫ㡢ࢅཀྵ࡯ࡌさᅄࢅฦᯊ
ࡌࡾࡆ࡛ࡢ㔔さ࡚࠵ࡾࡐࡆ࡚➠ ❮࡚ࡢⲙᆵࡡ␏࡝ࡾ ဗ⛸ࢅ⏕࠷࡙ୖన㒂ࡡ
ᨥᣚງࡡ಻ఄᢤᢘᛮ࡫ࡡᐞ୙⋙718 ୖన㒂ࡡᢪࡊ಻ࡊᢤᢘ࡞ᑊࡌࡾ᳔∸మධమ࡞
࠽ࡄࡾᢪࡊ಻ࡊᢤᢘࡡẒ⋙࡛ ᙟឺᏕⓏᙟ㈻ཀྵࡦⱴࡡ໩Ꮥᠺฦࢅㄢᰕࡊࡒ718ࡢ
ဗ⛸࡞ࡻࡖ࡙␏࡝ࡖ࡙࠷ࡒ+LJ᪝ᮇᬍ࣭࢜ࣜࣞࢪཀྵࡦ▰⬦༞≁ࡢ▯⛡
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୯㛣Ⓩ࡝ⲙ୓㛏⛡ࡡࢡ࣭ࣜࣈ࡞ฦ㢦ࡈࡿࡾ࠿ ဗ⛸࡛ࡵ 718ࡢ⣑ ࡚࠵ࡖࡒ୯
㛣Ⓩ࡝ⲙ୓ཀྵࡦ㛏⛡ࡡࢡ࣭ࣜࣈ࡞ฦ㢦ࡈࡿࡾ 359ཀྵࡦ࢜ࢦࣚࢪ࡚ࡢ୕న㒂࡞ࡻ
ࡾୖన㒂ࡡᨥᣚງࡡ΅ᑛ࠿↋ࡂ718ࡢ ௧୕࡚࠵ࡖࡒ+LJࡱࡒⲙ୓࡛
718࡛ࡡ㛣࡞᭯ណ࡝┞㛭㛭౿ࡢぜ࠷ฝࡈࡿ࡝࠾ࡖࡒ9FGOHࡆࡿࡼࡡ⤎ᯕ࠾ࡼ
718ࡡ఩ୖࡢⲙ୓௧አࡡᙟ㈻࡞ࡻࡾࡆ࡛࠿♟ြࡈࡿࡒ718ࢅ఩ୖࡈࡎࡾᙟ㈻ࢅᨭၻ
ࡌࡾࡆ࡛࡚ⲙᆵࡡ␏࡝ࡾဗ⛸࡞࠽࠷࡙ࡵ SUOࡡ಻ఄᢤᢘᛮ࡞ᑊࡌࡾຝᯕࢅ㧏ࡴࡾࡆ
࡛࠿࡚ࡀࡾ࡛⩻࠻ࡼࡿࡾ
 ᳔∸మ୕న㒂࡞࠽࠷࡙718࡛᭯ណ࡝┞㛭㛭౿ࢅ♟ࡊࡒࡡࡢᆀ㝷࠾ࡼ✉඙ࡱ࡚ࡡ
㛏ࡈ࡛ⲙ୓ࡡᕣ)5*ࡡࡲ࡚࠵ࡖࡒ9FGOH )5*ࡢᆀ㝷࠾ࡼḾⴝⴝ㌗ࡡ඙❻ࡱ
࡚ࡡ㛏ࡈ࡛ᆀ㝷࠾ࡼ✉඙ࡱ࡚ࡡ㛏ࡈࡡᕣࢅ♟ࡊ࡙࠷ࡾ✉㛏ཀྵࡦḾⴝⴝ㌗ࡡ㛏ࡈࢅ
▯ࡂࡌࡾࡆ࡛ࡢ✉ࡡ▯ᑚ໩࡞ࡻࡾ཭㔖఩ୖཀྵࡦⴝ㟻✒ࡡ⦨ᑚ࡞ࡻࡾකྙᠺ㔖఩ୖ
ࢅᘤࡀ㉫ࡆࡌ࡛᥆ῼࡈࡿࡾࡐࡡࡒࡴ)5*ࡡโᚒ࡞ࡢḾⴝⴝ㌗࡛Ḿⴝⴝ㠟ࡡ᥃ྙ㒂
࠾ࡼ✉㤫⟿ࡱ࡚ࡡ㛏ࡈ1+3ࢅ▯ࡂࡌࡾ᪁࠿ᚋ➿࡚࠵ࡾ࡛⩻࠻ࡼࡿࡾࡱࡒ୕న
㒂௧አࡡᙟឺᏕⓏᙟ㈻ࡡ୯࡚ୖ న㒂ⱴࡡ㔔㔖࠿718࡛㧏࠷ḿࡡ┞㛭ࢅ♟ࡊࡒ9FGOH
ⱴࡡ㔔㔖ࡢᅜሔ࡚ふᐳࡈࡿࡒ಻ఄ⛤ᗐ࡛ㇿࡡ┞㛭ࢅ♟ࡊⱴࡡ᭜ࡅᙁᗐ࡛ḿ
ࡡ┞㛭ࢅ♟ࡌࡆ࡛࠿ሒ࿈ࡈࡿ࡙࠷ࡾ&WNLQV ?XGHUHWFOࡆࡡࡆ
࡛࠾ࡼୖ న㒂ⱴࡡ㔔㔖ࡡቌຊࡢࡐࡡ∸⌦Ⓩᙁᗐࢅ㧏ࡴࡾࡆ࡛࡞࡝ࡾ࡛⩻࠻ࡼࡿࡆ
 92 
ࡿ࠿ 718ࡡ఩ୖࢅᢒโࡌࡾさᅄ࡚࠵ࡾ࡛⩻࠻ࡼࡿࡾᮇ◂✪࡚ࡢ)5*ཀྵࡦୖన㒂
ⱴࡡ㔔㔖ࡢ✉㔔࡛ࡢ┞㛭ࢅ♟ࡈ࡝࠾ࡖࡒ9FGOH9FGOHࡆࡡࡆ࡛ࡢࡆ
ࡿࡼࡡᙟ㈻࠿཭㔖࡞ᙫ㡢ࡊ࡝࠷ࡆ࡛ࢅ♟ြࡊ࡙࠷ࡾ)5*࡞ᙁࡂ㛭୙ࡌࡾ࡛⩻࠻ࡼࡿ
ࡾ 1+3ཀྵࡦୖన㒂ⱴࡡ㔔㔖࡞㛭୙ࡌࡾ㐿ఎᏄᗑࡡよᯊࡢୖన㒂ࡡᨥᣚງࡡ఩ୖࢅ
ᢒโࡌࡾࡆ࡛ࢅ┘Ⓩ࡛ࡊࡒ⫩⛸࡞࡛ࡖ࡙᭯⏕࡚ࡆࡿࡼࡡ㐿ఎᏄᗑ࡛ SUOࢅྜྷ᫤࡞
ࡵࡒࡎࡾࡆ࡛࡚ࡻࡽඁࡿࡒ಻ఄᢤᢘᛮࢅ♟ࡌဗ⛸ࢅషฝࡌࡾࡆ࡛࠿᭿ᙽࡈࡿࡾ 
᭩ᚃ࡞ᮇ◂✪࡚ᚋࡼࡿࡒ୹࡝ᠺᯕࢅ +LJ ࡞♟ࡊࡒ಻ఄᢤᢘᛮࡢ୕న㒂ࡡ
㔔ࡈ࡛ୖన㒂ࡡᨥᣚງࡡࣁࣚࣤࢪ࡞ࡻࡖ࡙Ửᏽࡌࡾ2XOIHU಻ఄᢤᢘᛮࢅ
Ửᏽࡌࡾさᅄࡡࡥ࡛ࡗ࡚࠵ࡾୖన㒂ࡡᨥᣚງࡡフ౮Ἢ࡛ࡊ࡙ᮇ◂✪࡚ࡢᆀ㝷࠾ࡼ
HP ୕ࡡ㒂నࢅว㝎ࡊࡒୖన㒂ࡡᢪࡊ಻ࡊᢤᢘࢅᣞᵾ࡛ࡊ࡙಻ఄᢤᢘᛮ࡞㛭୙ࡌࡾ
691ࢅฦᯊࡊࡒ⤎ᯕ ࡗࡡ 691ࢅぜ࠷ฝࡊࡒࡆࡿࡼ 691ࡡ୯࡚➠  ᯹Ⰵమ࡞న
⨠ࡌࡾ 691SUOࡢⲙ୓࡞㛭୙ࡌࡾ 691࡛㔔々ࡎࡍࡱࡒ᪝ᮇᬍࡻࡽⲙ୓ࡡ఩࠷⣌
⤣࡛᭯ណ࡞㧏࠷⣌⤣࠿☔ヾࡈࡿࡒࡆ࡛࠾ࡼࡆࡡ㐿ఎᏄᗑ࠿ⲙ୓ࡡโᚒ࡞㛭୙ࡊ࡙࠷
࡝࠷ࡆ࡛࠿♟ြࡈࡿࡒ➠ ❮ࡆࡿࡼࡡ⤎ᯕ࠾ࡼSUOࡢⲙ୓ࢅᨥ㒼ࡌࡾ㐿ఎᏄ
࡛ࡢ␏࡝ࡾ಻ఄᢤᢘᛮࡡྡྷ୕ࡡࡒࡴࡡ᩺ࡊ࠷㐿ఎᏄᗑ࡚࠵ࡾ࡛⩻࠻ࡼࡿࡒSUO ࢅ
ᣚࡗ 3.1࡞ࡗ࠷࡙⏍⌦ᏕⓏよᯊࢅ⾔ࡖࡒ⤎ᯕࡆࡡ㐿ఎᏄᗑ࠿ⴝ㌗ࡡ⩹໩ࡡ㐔ࡿ࡛Ⓡ
⇅ᚃࡡⱴ୯⅛Ề໩∸⵫✒ࡡቌຊ࡞㛭୙ࡊ࡙࠷ࡾࡆ࡛࠿᪺ࡼ࠾࡞࡝ࡖࡒ➠ ❮➠ 
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Fig. 6-1.  New locus for improvement in lodging resistance. 
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❮ࡗࡱࡽୖన㒂ࡡᨥᣚງ࡞㛭୙ࡌࡾ㐿ఎᏄᗑ SUOࡢⴝ㌗ࡡ⩹໩ࢅ㐔ࡼࡎⓇ
⇅ᚃࡡකྙᠺࢅ⥌ᣚࡊⱴ࡫ࡡ⅛Ề໩∸ࡡ්⵫✒㔖ࢅቌຊࡈࡎୖ న㒂ࡡᨥᣚງࢅቌ
ຊࡈࡎࡾࡆ࡛࡞ࡻࡽ಻ఄᢤᢘᛮࢅྡྷ୕ࡈࡎ࡙࠷ࡾ࡛⩻࠻ࡼࡿࡾ
 ⴝ㌗ࡡ⩹໩࡞ᙫ㡢ࢅ୙࠻ࡾ୹࡝さᅄࡢ✽⣪ࡷ᳔∸࣓࣌ࣜࣤࡡ࢓ࣇࢨࢩࣤ㓗ཀྵ
ࡦࢦ࢕ࢹ࢜࢕ࢼ࡚ࣤ࠵ࡾ࢕ࢾ࡚ࡢ✽⣪Ḗஇୖ࡞࠽࠷࡙ࢠࣞࣞࣆ࢔ࣜྱ㔖ྊ⁈ᛮ
ࢰࣤࣂࢠ㈻ྱ㔖ཀྵࡦකྙᠺ⬗ງ࠿఩ୖࡌࡾහ⏛ࡼࡱࡒ࢓ࣇࢨࢩࣤ㓗
ྱ㔖ࡡ㧏࠷ဗ⛸༞ா ྒࡢ࢓ࣇࢨࢩࣤ㓗ྱ㔖ࡡ఩࠷ᐠ㝟 ྒࡻࡽࡵ⏍⫩ᚃ᭿࡞࠽
ࡄࡾࢠࣞࣞࣆ࢔ࣜྱ㔖ཀྵࡦකྙᠺ㏷ᗐࡡ఩ୖ࠿᪡࠷4ULWFQL᪝ᮇᬍ࡞Ẓ
࡬᰷࡙࡞ྱࡱࡿࡾࢦ࢕ࢹ࢜࢕ࢼࣤ㔖࠿㧏࠷࢕ࢾဗ⛸࢓ࢢࢿ࣌ࢨࡢ⏍⫩ᚃ᭿࡞࠽ࡄࡾ
ⴝ㌗ࡡࢠࣞࣞࣆ࢔ࣜྱ㔖ཀྵࡦࣛࣇ࣭ࣞࢪ ࣄࢪࣛࣤ㓗࢜ࣜ࣍࢞ࢨ࣭ࣚࢭ࢛࢞ࢨࢣ
ࢻ࣭ࢭྱ㔖ࡡ఩ୖ࠿㐔࠷ࡆ࡛࠿ሒ࿈ࡈࡿ࡙࠷ࡾ8RHMLPFHWFO 4RNF\F
HWFOࡈࡼ࡞ᮇ◂✪ࡡ⤎ᯕ➠  ❮࡛ྜྷᵕ࡞ⴝ㌗ࡡ⩹໩ࡡ㐅⾔࠿㐔
࠷࢓ࢢࢿ࣌ࢨࡢ᪝ᮇᬍ࡞Ẓ࡬⛡ࡡ๙ᛮ࠿㧏࠷ኬᕖ࣬▴ཋࡆࡿࡼࡡ⤎ᯕ࠾
ࡼᮇ◂✪࡚ྜྷᏽࡊࡒ SUO࠿✽⣪࢓ࣇࢨࢩࣤ㓗ࡵࡊࡂࡢࢦ࢕ࢹ࢜࢕ࢼࣤࡡྱ᭯
㔖࡞㛭୙ࡊ࡙⩹໩ࡡ㐅⾔ࢅᢒ࠻࡙಻ఄᢤᢘᛮࢅྡྷ୕ࡈࡎ࡙࠷ࡾྊ⬗ᛮ࠿♟ြࡈࡿࡾ
SUO ࡞ࡻࡾ಻ఄᢤᢘᛮࡡ࣒࢜ࢼࢫ࣑ཀྵࡦࡐࡡ㡷ᇡ࡞ྱࡱࡿࡾ㐿ఎᏄࡡよ᪺ࢅ⾔࠹
୕࡚⩹໩࡞㛭୙ࡌࡾ✽⣪࢓ࣇࢨࢩࣤ㓗ཀྵࡦࢦ࢕ࢹ࢜࢕ࢼࣤ࡞㛭୙ࡌࡾさᅄࢅᛍ
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㢄࡞⨠࠷ࡒ◂✪ࢅ⾔࠹ࡆ࡛࠿ᚪさ࡚࠵ࡾ࡛⩻࠻ࡼࡿࡾ
 ᮇ◂✪ࡡ⤎ᯕࡢ࢕ࢾ಴మࡡୖన㒂ࡡᨥᣚງ࠿ࡐࡡ಻ఄᢤᢘᛮྡྷ୕ࡡࡒࡴࡡ᩺ࡊ
࠷ࢰ࣭ࢣࢴࢹ࡞ᠺࡽᚋࡾࡆ࡛ࢅ᪺ࡼ࠾࡞ࡊࡒ಻ఄᢤᢘᛮࢅᅒࡾ⫩⛸࡞࠽࠷࡙ୖ న
㒂ᨥᣚງࡡቌຊ࡞㛭୙ࡌࡾ㐿ఎᏄᗑ࡛ᚉᮮࡡ⫩⛸ࢰ࣭ࢣࢴࢹ࡚࠵ࡖࡒⲙ୓ࢅ఩ୖࡈ
ࡎࡾ㐿ఎᏄᗑࢅྜྷ᫤࡞ᑙථࡌࡾࡆ࡛ࡢ᳔ ∸మ୕న㒂ࡡ㔔ࡈ࡛ୖన㒂ࡡᨥᣚງࡡࣁࣚ
ࣤࢪࡡඁࡿࡒ᭯⏕ဗ⛸ࡡషฝࢅྊ⬗࡞ࡌࡾ࡛⩻࠻ࡼࡿࡾ 
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 ష∸ࡡ಻ఄࡢ㎨ᴏ୕㔔さ࡝ၡ㢗࡚࠵ࡾ಻ఄࡢ᳔∸మ୕న㒂ࡡ㔔㔖࡛ୖన㒂ࡡᨥ
ᣚງࡡࣁࣚࣤࢪࡡḖዯ࡞ࡻࡽᘤࡀ㉫ࡆࡈࡿࡾࡆࡿࡱ࡚಻ఄᢤᢘᛮࡡࡒࡴࡡ⫩⛸࡞࠽
࠷࡙ࡢⲙ୓ࡡ఩ୖ࠿ࢰ࣭ࢣࢴࢹ࡞࡝ࡖ࡙ࡀࡒࡊ࠾ࡊ࡝࠿ࡼⲙ୓ࡢᚪࡍࡊࡵ಻ఄ
ࢅỬᏽࡌࡾ᭩ࡵ㔔さ࡝さᅄ࡚ࡢ࡝࠷ࡱࡒකྙᠺࡡふⅤ࠾ࡼࡲ࡙ⲙ୓ࡡ఩ୖ࡞ࡢ㝀
⏲࠿࠵ࡾᮇ◂✪࡞࠽࠷࡙ୖ న㒂ࡡᨥᣚງࡡቌຊ࡞ࡻࡖ࡙಻ఄᢤᢘᛮࢅྡྷ୕࡚ࡀࡾ
࡛࠷࠹௫ㄕࢅ❟࡙ࡒࡆࡡ௫ㄕࢅ❟ッࡌࡾࡒࡴ࡞࢕ࢾ4U^_FVFWL[F1࡞࠽ࡄ
ࡾୖన㒂ࡡᢪࡊ಻ࡊᢤᢘ࡞㛭୙ࡌࡾ㐿ఎᏄᗑࢅྜྷᏽࡊྜྷ㈻㐿ఎᏄ⣌⤣3.1Vࢅ⏕
࠷࡙ࡐࡡ㐿ఎᏄᗑࡡ⏍⌦ᏕⓏᶭ⬗ࢅฦᯊࡊࡒࡈࡼ࡞␏࡝ࡾⲙ୓ࢅ᭯ࡌဗ⛸ࢅ⏕࠷
࡙᳔∸మ୕న㒂࡞ࡻࡾୖన㒂ᨥᣚງࡡ఩ୖࡡさᅄࢅฦᯊࡊࡒ
 ୖన㒂ࡡᢪࡊ಻ࡊᢤᢘ࡞㛭୙ࡌࡾ㔖Ⓩᙟ㈻㐿ఎᏄᗑ691V࠿᪝ᮇᬍࢩࣔ࣎
ࢼ࢜×࢜ࢦࣚࢪ࢕ࣤࢸ࢔࢜㛣ࡡᡘࡊஹ㞟⮤Ṣ⣌⤣⩄ࢅ⏕࠷࡙ฦᯊࡈࡿࡒぜ࠷
ฝࡈࡿࡒ ࡗࡡ 691ࡡ࠹ࡔ➠ ᯹Ⰵమ୕ࡡ ࡗࡓࡄ࠿SUO࢜ࢦࣚࢪ⏜ᮮࡡ㐿
ఎᏄᗑ࡚࠵ࡖࡒSUOࢅ᭯ࡌ 3.1ࡡୖన㒂ࡡᢪࡊ಻ࡊᢤᢘ୩ࡦ࡞಻ఄᢤᢘᛮࡢ᪝ᮇ
ᬍࡡ ಶ௧୕ࡡೋࢅ♟ࡊࡒSUOࡢⲙ୓཭㔖᰷ ࡡᙟឺ୩ࡦ࡞᳔∸మ୕న㒂ࡡ㔔ࡈ
࡞ᙫ㡢ࢅཀྵ࡯ࡈ࡝࠾ࡖࡒᏰ⇅᭿ࡡୖన㒂ࡡⱴ࡞࠽࠷࡙SUOࡢࡐࡡ⤄⧂ᐠᗐ㔔㔖
మ✒୩ࡦ࡞㔔㔖ࡐࡊ࡙⅛Ề໩∸⵫✒㔖ࢅቌຊࡈࡎ࡙࠷ࡒࡆࡿࡼࡡ⤎ᯕ࠾ࡼ
SUOࡢ 3.1࡞࠽ࡄࡾୖన㒂ࡡⱴࡡ≁ᛮ࡞ᙫ㡢ࢅཀྵ࡯ࡊࡆࡿ࡞ࡻࡽ಻ఄᢤᢘᛮ࠿ྡྷ୕
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ࡊ࡙࠷ࡾࡆ࡛࠿♟ြࡈࡿࡒ
 SUOࡡ⏍⌦ᏕⓏよᯊ࡞ࡻࡽ3.1࡞࠽ࡄࡾฝ✉ᚃࡡⱴ࡫ࡡ⅛Ề໩∸⵫✒ࡡཋᅄ࠿
♟ࡈࡿࡒSUOࡢฝ✉᫤࡞ࡢⱴ࡫ࡡኣ㔖ࡡ⅛Ề໩∸⵫✒ࢅᘤࡀ㉫ࡆࡈ࡝࠾ࡖࡒ࠿Ⓡ
⇅᭿௧㜾ࡡ⅛Ề໩∸්⵫✒ࢅቌຊࡈࡎࡒ3.1ࡡⴝ㌗࡞࠽ࡄࡾࢠࣞࣞࣆ࢔ࣜ఩ୖࡢ᪝
ᮇᬍ࡞Ẓ࡬࡙㐔ࡂⓇ⇅᭿௧㜾ࡡࢠࣞࣞࣆ࢔ࣜྱ㔖࠿㧏ࡂ࡝ࡖ࡙࠷ࡒࡆࡿࡼࡡ⤎ᯕ
ࡢSUO࡞ࡻࡾⴝ㌗ࡡ⩹໩ࡡ㐔ࡿ࠿Ⓡ⇅᭿௧㜾ࡡ⅛Ề໩∸්⵫✒ᘤࡀ㉫ࡆࡊࡆࡿ࡞
ࡻࡽ಻ఄᢤᢘᛮ࠿ቌຊࡊࡒࡆ࡛ࢅ♟ြࡊࡒ
 ᳔∸మධమ࡛ࡊ࡙ࡡ಻ఄᢤᢘງࡡୖన㒂ࡡᨥᣚງ࡞ᑊࡌࡾẒ718࠿᳔ ∸మධ
మ࡞࠽ࡄࡾᢪࡊ಻ࡊᢤᢘࡡୖన㒂ࡡᢪࡊ಻ࡊᢤᢘ࡞ᑊࡌࡾẒ࡞ࡻࡖ࡙ゝ⟤ࡈࡿࡒ
718ࡢⲙ୓୩ࡦ࡞᳔∸మ୕న㒂ࡡ㔔㔖࡛┞㛭ࢅ♟ࡈ࡝࠾ࡖࡒⲙ୓࡛ᆀ㝷࠾ࡼ✉඙ࡱ
࡚ࡡ㛏ࡈࡡᕣ)5*୩ࡦ࡞ୖన㒂ⱴࡡ㔔㔖ࡢ 718࡛᭯ណ࡝ḿࡡ┞㛭ࢅ♟ࡊࡒࡆࡡ
⤎ᯕࡢ)5*୩ࡦ࡞ⱴ㔔㔖ࡡྡྷ୕ࡢ 718ቌຊࡡࡒࡴࡡࢰ࣭ࢣࢴࢹ࡞ᠺࡽᚋࡾࡆ࡛ࢅ♟
ြࡊࡒ
 SUOࡢ಻ఄᢤᢘᛮྡྷ୕ࡡࡒࡴࡡ᩺ࡊ࠷ࢰ࣭ࢣࢴࢹ࡚࠵ࡽࡐࡊ࡙཭㔖఩ୖࡡ↋
࠷Ꮽᏽࡊࡒష∸⏍⏐࡞㐲ࡊࡒ㐿ఎᏄᗑ࡚࠵ࡾࡐࡊ࡙ 718ࡡྡྷ୕ࡢSUOࢅ⌟௥ဗ⛸
࡞ᑙථࡊࡒ㝷ࡡຝᯕࢅ᭩ኬ㝀࡞ᘤࡀฝࡊඁࡿࡒ಻ఄᢤᢘᛮ♟ࡌࡆ࡛࠿࡚ࡀࡾ࡛⩻࠻
ࡼࡿࡾ
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 Lodging of crops is an important problem in agriculture. The cause of lodging is the lack 
of proportionality between the weight of the upper part and the sturdiness of the lower part. In 
breeding for lodging resistance, the target has been limited to reducing plant height. However, 
plant height is not necessarily the most important factor determining lodging resistance. In 
addition, there is an optimum plant height for maximum photosynthetic capacity. This study 
hypothesized that improving pushing resistance of the lower part might improve lodging 
resistance. To test this hypothesis, a locus for pushing resistance of the lower part in rice 
(Oryza sativa L.) was identified, and was analyzed its physiological function with the 
near-isogenic lines (NILs). While, the factor responsible for the decreasing sturdiness of the 
lower part by the upper part was analyzed in the rice cultivars with different plant lengths. 
 Quantitative trait loci (QTLs) controlling pushing resistance of the lower part were 
analyzed in a population of backcross inbred lines of japonica Nipponbare × indica Kasalath. 
Five QTLs for the pushing resistance were detected, only one QTL from Kasalath on 
chromosome 5 (prl5) had a positive effect. The pushing resistance of the lower part and 
lodging resistance in the NILs carrying prl5 were up to twice as high as in Nipponbare as the 
control. prl5 did not affect plant height, the yield, root characteristics, or the weights of the 
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upper parts. This locus showed higher density (weight/volume), heavier weight and greater 
accumulation of carbohydrate in the lower stem at the full-ripe stage than in Nipponbare. 
These results suggest that prl5 might affect the characteristics of the lower stems of the NILs 
thus increasing lodging resistance. 
 The physiological analysis of prl5 was shown the reason for the carbohydrate retention in 
the stem after heading in the NIL. prl5 did not cause greater accumulation of carbohydrate in 
the stem at heading, but showed higher carbohydrate reaccumulation after grain filling. 
Chlorophyll degradation in the leaf blades of the NIL was slower, and the chlorophyll content 
after grain filling was higher than in the control. These results suggest that the delay in leaf 
senescence by prl5 results in carbohydrate reaccumulation in the stem after grain filling, 
increasing lodging resistance. 
 The ratio of lodging resistance to sturdiness of the lower part (RLS) was calculated by the 
difference in pushing resistance between the lower part and the whole plant. RLS did not 
correlate with plant length and the weight of the upper part of the plant. While the difference 
between plant length and length from the ground to the ear (DPE), as well as the weight of the 
lower stem, were positively correlated with RLS. These results suggest that improvements in 
DPE and in the weight of the lower stem could be primary targets for improving RLS. 
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 prl5 is the new target to improve lodging resistance, and is the suitable locus for stable 
production of crop without yield loss. The improvement in RLS would maximize the effect of 
prl5 on lodging resistance in modern rice cultivars.
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ㅨ㎙
ᮇㄵᩝࡡషᠺࡌࡾ࡞࠵ࡒࡽ⤂ጙ᠋ว࡝ᚒᣞᑙࢅ㈱ࡽࡱࡊࡒఫ㈙ኬᏕ㎨Ꮥ㒂⇍ᖈష∸
ᨭⰃᏕ◂✪ᐄࡡ㔕℡᫓༡ᩅ᤭࡞ᚨ࠾ࡼវㅨࡡណࢅ⾪ࡊࡱࡌࡱࡒᮇㄵᩝࡡషᠺࡌࡾ࡞
࠵ࡒࡽ᭯ ─࡝ᚒណぜࢅ㡤ࡀࡱࡊࡒ⌨⌣ኬᏕࡡᮟᒜ┊ୌᩅ᤭ࠉ㮭ඡᓞኬᏕࡡෞỄⱩெ
ᩅ᤭ࠉᐋᓧኬᏕࡡᮙᮇᏭᐰᩅ᤭ࠉఫ㈙ኬᏕࡡ᮶Ờᰜຐᩅ᤭࡞ᚨ࠾ࡼវㅨࡡណࢅ⾪ࡊࡱ
ࡌᮇ◂✪ࢅᐁ᪃ࡌࡾ࡞࠵ࡒࡽ⤂ጙ᠋ว࡝ᚒᣞᑙࢅ㈱ࡽࡱࡊࡒ㎨ᴏ⏍∸㈠″◂✪ᡜ
⏍⌦ᶭ⬗◂✪ࢡ࣭ࣜࣈ∸㈻௥ㅨ◂✪ࢲ࣭࣑ࡡ▴୷೸༡ኃ࡞ᚨ࠾ࡼវㅨࡡណࢅ⾪ࡊࡱ
ࡌ'.1୩ࡦ࡞ 3.1ࡡ⛸Ꮔࢅฦࡄ࡙࠷ࡒࡓ࠷ࡒ▦㔕᪸⿩༡ኃ࢕ࢾဗ⛸ࡡ⛸Ꮔࢅฦࡄ
࡙࠷ࡒࡓ࠷ࡒ㎨ᴏ⏍∸㈠″ࢩ࣭ࣤࣁࣤࢠKWWS\\\JHQHFIIUHJRMSLQIH] 
KWPO୩ࡦ࡞㤷㉲ῗ༡ኃ㎨ᴏ⏍∸㈠″◂✪ᡜ࡞῕ࡂវㅨࡡណࢅ⾪ࡊࡱࡌࡱࡒ
691 よᯊࡡ⿭ຐࢅࡊ࡙࠷ࡒࡓ࠷ࡒⰶ㈙⪯Ắ୩ࡦ࡞ᐋᓧᾀᖲẮ⌨⌣ኬᏕἀ⦎⅛Ề
໩∸ῼᏽࡡ⿭ຐࢅࡊ࡙࠷ࡒࡓ࠷ࡒᰏ஬ཪỜẮ୩ࡦ࡞㯦▴⨶ỜᏄẮ㎨ᴏ⏍∸㈠″◂✪
ᡜ࡞῕ࡂវㅨࡡណࢅ⾪ࡊࡱࡌ
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